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ACCURATE CONTROL AND MAXIMUM SAFETY 


Accurate, long service VICTOR Safety Regulators are available 
for almost every use and gas, for delivery pressures up to 5,000 
p. s. i., and flows to 50,000 c. f. h. Simplicity of design makes 


for ease of maintenance at low cost. 


Look for the VICTOR dealer sign . . . ask him to show you how it 
pays to standardize on VICTOR welding and cutting apparatus. 


Dealer inquiries invited 


VicIOR EQUIPMENT COMPANY 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake St. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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Hobart 


extra welding cap 


(Added turns of 
, more welding 
per man hour 


Advanced engineered Hobart 


EQUIPMENT 


WELDING 


ARC 


welders are never skimped of quality 
materials . . . you get constant top 
performance insuring cooler operation, 
easier arc control, extra capacity. 
Hobart simplified arc welders will 
speed up production and cut costs even 
on the toughest jobs, and your 
weldors will be putting out more 
work with fewer rejects and less effort. 
If you're looking for a rugged welder 
that will give better performance at 
less expense, try Hobart .. . see 

the difference for yourself. 


An outstanding electrode 
tor all-around welding 


The Hobart ‘'10"’ is an all-position, general 
purpose electrode, ideal for pipe lines, structural 
steel, boilers, tanks, shipbuilding, freight 

cors, etc. Gives stronger welds, deeper 
penetration and less spatter. 
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DC Welder Drive DC Welder Drive DC Welder 


HOBART BROTHERS COMPANY, BOX WJ-24, TROY, OHIO 


Without obligation, please send information on items checked. 
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Pipeliner Welder Bantam Champ Welder 
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— crowning achievement in the use of powdered metal in 


Murex electrode coatings over the past twenty years. 


@ Very high deposition rates—up to 25% higher than regular 


mild steel electrodes—effects real savings in welding costs. 


@ Smooth, steady arc on A-C 
or D-C—little spatter— 


easy slag removal. 


@ Easy to use—employ drag 
technique if desired, 


or use free arc as with 


conventional electrodes. 


@ Strong clean welds—85,000 to 90,000 psi tensile with 
15% to 20% ductility—good surface appearance— 


fine ripple—practically no undercutting. 


METAL & THERMIT CORPORATION 
100 East 42nd St., New York 17, N. Y. 


Gentlemen: 
Please send me technical data on “SPEEDEX"[_] We would like to 


see “SPEEDEX” demonstrated. Call us for a convenient time.[_] 
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SAVE 
Set-up Time... 


Die Inventory Jf 


a You can change resistance 
welding die set-ups in seconds 
with the MALLORY 

“Nu-Twist” die adaptor 


The Mallory “Nu-Twist” die adaptor is designed ; a 
to give you complete flexibility in welding opera- a — 
tions .. . with only one die set-up. 


Any shop having short run resistance welding 
applications such as projection welding, single 
spot welding and electrical upsetting can effect 
real savings in time, to say nothing of reduced 
die inventories. 


Die adaptor bases are custom-designed to fit 
machine specifications. Your Mallory distributor 
can provide standard electrodes for quick delivery. 
If you need special shapes or sizes, we can design 
them to fit any requirements. 


All the operator has to do is shut off the water supply, turn the locking nut by hand, slide 
out the electrode insert, slip in the one for the next job, and turn the locking nut. It takes 


only a few seconds... with no tools required. 


Electrode insert for Electrode insert for 

spot and mash weld- typical projection 

ing, electrical upsetting operation. 
or single projection oo 
welding. 


Typical projection 
electrode 
with insulated 
locating pin. 


New Catalog Call your distributor ...or write to us... for your new Mallory 
Welding Catalog. It contains complete data on electrodes, holders, 
rod and bar stock, castings. forgings and accessories. 


Expect More...Get More from MALLORY 


In Canada, made and sold by Johnson Matthey and Mallory Ltd., 110 Industry Street, Toronto 15, Ontario, 


MALLORY 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


Serving Industry with These Products: 
Electromechanical—Resistors * Switches * Television Tuners * Vibrators 
Electrochemical — Capacitors Rectifiers * Mercury Batteries 
Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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SIMPLIFY Y Your Shape-Cutting Jobs with the... 


Trade-Mark 


@ Positive templet contact... 


electrenic steering control... 


maximum tracing accuracy 


@ Templets are easy to make, 


low-cost 


@ No kerf allowance required 


in templet 


@ Intricate shapes easily 


reproduced 


@ Dynamic braking prevents 


overruns 


@ Local or remote controls... 


simple to operate 


With an Oxwetp Automatic Tracer to guide your The Oxwetp Automatic Tracer follows practically any 
oxygen-cutting machine, you need never forego the ad- templet shape within extremely close tolerances. It can also 
vantages of templet tracing because of time or cost. What- be used to hand trace directly from blueprints or draw ings. 
ever the shape—whether you need one piece or many- Drive action is smooth and steady with both single- and 
templet requirements are simple. Just draw your templet, multiple-blowpipe setups. 
full size, on a thin sheet of inexpensive plastic. Then cut Your nearest LinpE representative will be glad to help 
it out with scissors or knife. It’s that quick and easy. you plan an OxweLp \utomatic Tracer installation to fit Be 
There’s no tedious forming. To compensate for kerf width, cither your present shape-cutting machine or one of the 


just set a handy dial on the Tracer. available OXweLp Shape-Cutting Machines. 


WRITE TODAY FOR FREE BOOKLET F-8086 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [[i§ New York 17, N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The terms ‘Linde’ and ““Oxweld” are registered trade-marks of Union Carbide and Carbon Corporation. 
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This belt moves enough sand daily 


to fill a mile of coal cars 
... with the help of Ni-Rod “55” 


The Steers Sand & Gravel Corpora- 
tion of Northport, Long Island, 
moves a lot of sand daily — 7,000 
cubic yards, enough to fill a line of 
50-ton coal cars stretching more 
than a mile. 

And it takes seven long conveyor 
belts to bring all this sand up from 
the pits to the screening house. 
Keeping these conveyors rolling is a 
continual fight against two things — 
abrasion from sand that sifts into 
the belt rollers and corrosion from 
salt air that blows in from Long 
Island Sound and eats away the 
rollers. 

And each new roller costs $1.42, plus 


Seven 900-foot conveyor belts at the Steers Sand & 
Gravel Corp., Northport, L. L, carry approximately 
7,000 cubic yards of sand daily from the pits to the 
screening house. The rollers for the return belt are 


subject to wear and corrosion but are economically 


$10.00 in machining — an expensive 
replacement job over a year’s time. 


But Steers’ welding specialists found 
that by using two pounds of 5/32” 
Ni-Rod “55” they could resurface 
two rollers and turn them down on 
a lathe at a total cost of only $4.70! 


What's more, these resurfaced roll- 
ers last as long as the original rollers. 


Steers estimates that they use at 
least 200 pounds of Ni-Rod “55” a 
year which makes possible a saving 
of over $700. 


Like Steers, you'll find Ni-Rod “55” 


will give you sound, machinable, 


resurfaced with Ni-Rod “55” for long service life. 


crack-free, non-porous welds in cast 
iron, Ductile lron, Ni-Resist®, spe- 
cial alloy irons and when welding 
cast iron to steel. Usually Ni-Rod 
“55” can be used without pre-heat- 
ing or post-heating. And it provides 
a stable-are with a minimum of spat- 
ter to give a smooth bead contour. 
Consult your distributor of Ni-Rod 
“55” electrodes for the latest infor- 
mation on deliveries. Remember, 
too — it always helps to anticipate 
your requirements well in advance. 
If you have a special cast iron weld- 
ing problem, it will pay you to call 
on him for help. And be sure to ask 
him for the new Ni-Rod “55” folder. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 
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ecent Applications Welded Design 
ndustrial Building Framings 


» Interesting features and general framing arrangements of Navy stock 
buildings designed for prefabrication and special purpose buildings 


by A. Amirikian and E. G. Odley 


INTRODUCTION 


NDUSTRIAL buildings present a fertile field for the 

introduction of improvements in design. The im- 

provements may be in the form of reduction in 

materials of framing, simplification of fabrication 
and erection and, for certain types of buildings, easier 
packaging and reduction of shipping cubage. These 
are the desired objectives which the structural engineer 
is striving to achieve. 

Reduction in the amount of steel necessary in a strue- 
ture is of special importance in times of emergency 
when the supply is critical. At the present time, when 
there is no shortage, the need for savings in steel in a 
framing is dictated by the competition of other con- 
struction materials. In order to meet this com- 
petition successfully, it is necessary for the designer 
not only to select proper framing arrangements 
and choose economical structural components, but 
also to make optimum use of the potentialities of 
welding. In this task, for the economical realization 
of an adopted scheme, the cooperation of the fabricator 
becomes an important factor. 

The Navy’s Bureau of Yards and Docks, for many 
years a proponent of structural welding, has recently 
developed new designs of structures which are intended 
to meet the desired objectives. These buildings are 
of two types: (a) stock buildings designed for pre- 
fabrication in a modular arrangement; and (b) special- 
purpose buildings designed for a specific need at a given 
location. 


A. Amirikian and E. G. Odley are with the Department of the Navy, Bureau 
of Yards and Docks, Washington 25, D. C 


Presented at the AWS Thirty-Fourth National Fall Meeting held in Cleve- 
land, Ohio, week of Oct. 19-23, 1953. 
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Some of the interesting features, as well as the general 
framing arrangement, of these structures are described 
here. 


PREFABRICATED INDUSTRIAL BUILDINGS 


The need for the development and use of pre- 
fabricated buildings was brought about by war con- 
ditions. Their principal function was to provide a 
shelter or enclosure for a facility or operation in the 
shortest possible time. 

Originally these buildings were intended for a limited 
service life, namely, duration of the emergency. Some 
were predicated on relatively thin sections utilizing 
light-gage steel, and others, where use was made of 
structural sections, were designed for low factors of 
safety. Presently, there are commercially available a 
number of prefabricated buildings of various types 
which are designed for longer service life and are accord- 
ingly of more substantial construction. However, the 
procurement of a proprietary type of a building by the 
Government creates a number of problems which are 
not always satisfactorily resolved. In order to obviate 
these difficulties, the Bureau undertook to design a 
series of structures adaptable for prefabrication. The 
substitution of these buildings for the proprietary types 
will greatly facilitate procurement, by making them 
generally available to all fabricators, and reduce the 
cost to the Government through competitive bids. In 
addition, the Bureau designs will incorporate certain 
desired design features and make optimum use of 
framing materials. 

The first building of the planned series is a general- 
purpose building of 40 by 100 ft. The arrangement. of 
the framing is shown in Fig. 1. In outline, the building 
has vertical walls 14 ft high at the eaves and a sloping 
roof rising to a height of 19 ft 6 in. at the ridge. The 
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20 SPACES 9! 100-0" (HEAVY DESIGN) 
10 SPACES af 100'-O" (LIGHT DESIGN) 


ROOF PLAN 


GALVANIZED CORRUGATED SWEET 
TAL ROOFING AND SIDING 


TYPICAL FRAME 


structure is designed for two conditions of loading, 
designated as light and heavy design. The loading of 
the former consists of 20 psf roof live load plus 70 mph 
wind load, and that of the latter 40 psf roof live load 
plus 70 mph wind load, or 150 mph wind load with no 
roof live load. 

As will be noted, the main framing is featured by the 
use of wedge-shaped members. The principles and the 
advantages of this type of framing were discussed in a 
previous article of the JourNAL.* In the light design 
the bents are spaced 10 ft on centers, and in the heavy 
design 5 ft. Both column and girder members are of 
tapered shape to facilitate assembly as well as packaging 
and shipment. Because of the tapered webs the 
members will nest one into another thus minimizing 
shipping space. 

Welding details are shown in the figure. The corner 
joint, which is the most important connection, is 
normally welded. However, it may also be connected 
by bolting—if welding facilities are not available at the 
construction site. As yet, no final welding procedure 
has been established. Where quantity production is 
involved, there will be special equipment for fabrication 
including assembly jigs. Presently, the build-up of 
the members is predicated on placing the web in a 
horizontal position and welding the two flanges by a 
beveled edge detail. 

The purlins and girts consist of hat-shaped elements 
of cold-formed light-gage sections, bolted and strapped 


* Amirikian, A., “Future Developments in Welded Steel Buildings.’’ THe 
Wetpine Journat, 27 (8), 593-599 (1948) 
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Fig. | Prefabricated building of wedge-beam framing 
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to the frames. The spacing of the purlins and girts 
shown in the figure correspond to the heavy design. In 
the light design the spacing is about twice that shown. 
Continuity is obtained by overlapping the ends of the 
members at the frames. Since the sides or webs of 
these members are sloped, lapping is feasible. In the 
same way, packaging of these members is greatly 
simplified as they will nest into each other. 

The roofing and siding consist of corrugated metal 
sheeting. Roofing sheets are 26 and 24 gages for the 
light and heavy designs, respectively, and the siding is 
26 gage for 70 mph wind and 24 gage for 150 mph wind. 

The total weight of all structural material, including 
the roofing and siding, given in pounds per square foot 


Fig. 2 Erection of wedge-beam prefabricated building 
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of floor area, is 6.67 for the light design and 9.19 for the 
heavy design. Studies and experiments on packaging 
of the light design by the Bureau indicated a minimum 
cubage of about 260 cu ft and a gross weight of about 
28,000 Ib. 

In erection, the frames are assembled on the ground 
in the flat position, as illustrated in Fig. 2. After weld- 
ing or bolting of the corner joint and bolting the ridge 
joint, each frame is lifted into position as a unit. 

These structures have been tested under static and 
blast loading. In all the tests, the strength of the 
framing proved to be amply adequate. 


GENERAL INDUSTRIAL BULLDINGS 


Buildings used for shop and storage facilities con- 
stitute the major portion of structures comprising this 
group. These structures cover a wide variety of 
layouts in accordance with functional requirements. 
For this reason it is not feasible to standardize their 
framings for stockpiling——as in the case of prefabricated 
buildings. In general, it will be necessary to design 
and fabricate the framing for each project separately. 
However, the type of arrangement of framing can be 
standardized for adaptation to any given dimensional 
outline. 

Two recent designs, prepared in the Bureau, 
examples of this type of They 


intended for use as warehouses, but could serve equally 
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as well for other purposes. In one of them use is made 
of wedge-beam framing, and in the other, convention- 
ally arranged rigid framing. In both arrangements 
welding is utilized to a great extent. 


Wedge-Beam Framing 


The building with wedge-beam framing is shown in 
Fig. 3. It is a two-bay gable framing, with an over-all 
width of 106 ft, eave height of 14 ft 3 in. and ridge 
height of 20 ft 10'/2 in. The frames are spaced 22 ft 
6 in. on centers, instead of 20 ft as normally used in 
buildings of this type. This bent spacing, as well 
the bay width, was obtained from a layout study to 
determine the advantageous arrangement of 
pallets for fork-lift truck operation used in Navy ware- 
house work. 

This building was designed for a roof live load of 40 
psf and a 100 mph wind. Another building designed 
for a 20 psf roof load and 100 mph wind has a similar 
framing, differing only in the sizes of the elements com- 
posing the main frames. It is interesting to note that 
the wind loading creates alleviating flexural stresses in 
the greater part of the main frames, the favorable effect 
being due to the relatively large width-to-height ratio 
and the adopted gable height. 

The principal details of the composition of the 
members and welding are shown in the illustration. It 
will be noted that, except for the center column, all 
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Fig. 3 Warehouse building of wedge-beam framing 
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Fig. 4 Werehouse building of built-up rigid framing 


members of the frames are composed of built-up I 
sections having tapering flanges and webs. At the 
ridge and the column bases the hinged condition 
assumed in the design is simulated by a bolted con- 
nection having a small moment carrying capacity. 
Purlins and girt consist of rolled channel sections placed 
back-to-back and lapped at the supports for full con- 
tinuity and increased sections at these locations. A 
bracing strut, in the form of a latticed truss, ties the 
tops of the interior columns in the longitudinal direc- 
tion. Corrugated protected metal is used for the 
siding and roofing. 

The total weight of all structural material, including 
the roofing and siding, given in pounds per square foot 
of floor area is, 9.19 and 9.94 for the light and heavy 
designs, respectively. 


Rigid Framing 

Unlike most types of conventional rigid framing, 
where the bents consist essentially of an assembly of 
solid-web rolled sections, in the arrangement shown in 
Fig. 4 the frames are mainly of latticed members. 
This framing represents an attempt to reduce weight 
by taking advantage of continuity and the greater 
efficiency of built-up members. 

The building is a standard Navy warehouse 200 by 
600 ft, with 18-ft canopies. The bents are spaced 22 
ft 6 in. on centers, and transversely comprise 3 bays; 
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a center bay of 70 ft 4 in. and two side bays of 64 ft 


10 in. each. The cross-sectional outline is established 
by the minimum clearance of 18 ft 6 in., the required 
depth of trusses at the supports and the minimum slope 
necessary for drainage. The building is about 23 ft 
high at the eaves and rises to a height of about 25 ft 7 in. 
at the center. 

As in the case of the preceding building, the structure 
is designed for two conditions of loading, the framing 
shown in the illustration corresponding to the heavy 
loading of 40 psf. The design analysis was predicated 
on so-called 50% fixity at the bases of the columns and 
most unfavorable conditions of unsymmetrical canopy 
loading, in some parts of the building the canopy is 
omitted on one side as indicated in the roof framing 
plan in Fig. 5. 

The truss portions of the main frames are of the 
Warren type utilizing T’s for the chords and angles for 
the web members, the varying depths of truss corre- 
sponding roughly to the flexural moment pattern. The 
lower portions of the exterior frame legs are of wedge- 
beams formed by splitting and rewelding a 12-in. WF 
beam. 

Since the bending stresses of the interior columns are 
relatively small, their design is governed primarily by 
axial stresses and elastic stability. While the use of 
rolled sections for these members involves some waste 
in framing material, no attempt was made to substitute 
built-up sections or wedge members here because the 
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Fig. 5 Roof framing plan of rigid frame warehouse building 


needed additional fabrication costs were estimated to 
be larger than the benefits obtainable from weight 
savings. 

The secondary framing consists of eight vertical 
trusses and a system of horizontal diagonal bracing as 
shown in Fig. 5. The vertical trusses are composed of 
a T-section bottom chord and web members consisting 
of pairs of angles, connecting the center of the A to the 
top chords of the bents. The horizontal bracing con- 
sists of 3 x 2'/: x '/, angles placed in the plane of the 
bottom chords of the vertical bracing trusses. Addi- 
tional longitudinal rigidity is provided by the channel 
purlins which are of lapped arrangement and welded to 
the top chords of the frames. 


Welding details are shown in Fig. 4. It will be noted 
that all braeing and web members of the trusses are 
joined to the chords by lapped connections in order to 
facilitate fitting, assembly and welding. 


The roof consists of a 20-gage steel metal deeking, 
supported on the purlins and covered with insulation 
and built-up roofing. 


Exterior walls are of precast concrete panels, con- 
nected to the frames by means of welding insert plates 
which are cast in the panels. 

The weight of all structural framing excluding the 
roof decking is 5.94 psf of floor area for the heavy 
design. 


PRESENT AND FUTURE APPLICATIONS 


As yet, none of the buildings has been extensively 
utilized. While the designs of these buildings are now 
available in the form of Bureau standards, no opportu- 
nities for widespread uses and mass production have 
been presented. From data obtained from limited 
applications available thus far, the full potential in the 
way of savings cannot be correctly gaged at this time. 
With greater experience, not only the needed depend- 
able cost data will be compiled but also possible 
modifications in arrangement, as dictated by con- 
siderations of prefabrication and erection, will be 
introduced to further enhance the advantages of the 
framings. 

In so far as the designs are concerned, the presented 
framings do not necessarily represent the limit of 
possible improvements. While they now reflect ad- 
vanced thinking, additional savings in framing material 
may still be realized. This can be achieved through 
research. The use of wedge-shaped members has re- 
sulted in a number of new problems, some related to 
elastic stability and others to the most advantageous 
proportioning of sections. The satisfactory solution of 
these problems will unquestionably lead to further im- 
provements. Toward this end, an extensive research 
project is now being initiated at Columbia University 
under the joint sponsorship of the Welding Research 
Council and the Bureau of Yards and Docks. 
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Refinery 


by Ray M. kholb and Russell C. Wheeler 


INTRODUCTION 


HORTLY after the formation of the Welding De- 

partment at the Whiting Refinery in 1914, head- 
quarters were established in a small shop 30 ft 
wide by 50 ft long. Much of the early work in 
welding was seal welding riveted joints in vessels or 
screwed joints in pipe to prevent leakage. Since 
welding equipment was, in general, portable, the prece- 
dent was established to do a large pertion of the welding 
work in thé field rather than in the shop. A large 
yard back of the old shop was used to weld materials 
from areas where field welding could not be tolerated 
because of the fire hazard. 

During World War IT, a study was made of the econo- 
mies that might result from the building of a large cen- 
tral welding shop. It was decided that considerable 
savings could be realized by doing as much work as 
possible in such a shop. Here the men would work 
under much more favorable conditions and should pro- 
duce a generally higher quality of work. Welding De- 
partment supervisors would have to cover less ground 
in their everyday duties with the men working within 
the confines of the shop. Automatic welding equip- 
ment and better handling and working methods would 
give additional benefits. It was decided to build such 
a shop, and in the fall of 1949 it was completed and oc- 
cupied by the Welding Department. This shop was 
built at a new location adjacent to the existing building 
housing the Boiler Shop, the Machine Shop and the 
Blacksmith Shop. This eliminated the need for moving 
men or materials from the old Welding Shop, which was 
over '/, mile away, on intercraft jobs. 

It is the purpose of this paper to briefly describe the 
new Welding Shop and discuss the new methods and 
equipment that are in use. 


Ray M. Kolb is Zone Advisor and Russell C. Wheeler is Assistant Superin- 
tendent of the Mechanical Division of Standard Oil Company of Indiana's 
Whiting Refinery 


Presented on Oct. 23, 1953, at the National Fall Meeting, AWS, held in 
Cleveland, Ohio. 
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Welding Shop Facilities the Whiting 


§ Description of a modern refinery welding shop 
and a description of methods and equipment in use 


Figure l 


DESCRIPTION OF SHOP 


Figure | shows an outside view of the new Welding 
Shop. The building is a steel structure with transite 
walls. A sawtooth monitor type roof was used which 
has windows in the vertical sections. These windows 
permit an appreciable amount of daylight to enter the 
shop and can be opened by motor operation to provide 
better ventilation in the summer months. To the 
right of the photograph, the portion of the building 
with glass brick walls houses the toolroom, the metal- 
lizing room and the welders’ lunch room on the first 
floor. Foremen’s offices and locker rooms, as well as 
locker rooms for welders, are located on the second 
floor. There are three motor-operated doors along 
the outside wall. The center door permits entrance of 
railroad cars, while the two outside doors are truck en- 
trances. Most work is transported to and from the 
shop by motor truck, but frequently vessels or large 
pipe may be carried by flat cars and enter through the 
center door. The loading platform just to the right of 
the center door permits unloading of oxygen and acety- 
lene bottles. In two separate rooms, they are con- 
nected to manifold systems which feed the entire shop. 
The projection from the building, with the blower on the 
roof, houses an annealing furnace. A view of this fur- 
nace from the inside of the shop is shown in Fig. 2. 
It. measures 8 ft wide, 8 ft high by 30 ft deep. It is 
gas fired and is program controlled from the instrument 
panel shown to the right of the furnace. 
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Figure 2 


The welding shop is actually L-shaped, as it was built 
as an extension to a Mechanical Shops Building which 
already housed the Boiler, Blacksmith and Machine 
Shops. Figure 3 shows a 15-ton crane which services 
the main bay of the Welding Shop. The rear wall 
shown in this picture is common to the Welding Shop 
and the Boiler Shop. Two cranes service the Boiler 
Shop and they can enter the Welding Shop through mo- 
tor-operated doors in the separating wall. The rails 
from the crane can be seen running down the center of 
the shop and along the wall to the left. Through the 
center of the shop numerous flexible ventilating hoses 
can be seen. Air is pulled through these 22 individual 
hoses by a large centrifugal blower having a capacity of 
10,000 cfm. In addition, there are four smaller blowers 
having capacities of 2000 cfm each located around the 
walls of the shop which service 16 additional flexible 
hoses. The Machine Shop is located behind the wall to 
the left, and they were assigned additional areas back 
of the shielding, on the Welding Shop side of the wall. 
Along the center column in Fig. 3 can be seen two of the 
five jib cranes which serve the Welding Shop. These 
motor-driven hoists have a lifting capacity of 2 tons 
each and are movable on 10-ft long swinging booms. 
Figure 4 shows a view down the main bay of the shop. 
This area is serviced by the 15-ton crane shown in 
Fig. 3. To the rear of this photo can be seen some 
heavy machine tools belonging to the Machine Shop, 


Figure 3 
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Figure 4 


but located here to permit servicing by the overhead 
crane. To the left of this picture can be seen the heavy 
cast-iron tables used for fitting up pipe. After fit-up, 
the pipe is moved to the central area of the shop, where 
welding can be seen in progress. The track to the right, 
in this photo, serves the car of the stress-relieving fur- 
nace. Looking along the ceiling, the overhead lighting 
and heating facilities can be seen. The work area avail- 
able to the Welding Department amounts to about 
21,500 sq ft. 


IMNIPROV EMENT IN PIPE FIT-UP PROCEDURES 


Most refinery piping assemblies are fabricated through 
the use of manufactured welding fittings such as tees, 
ells, crosses and flanges combined with lengths of 
straight pipe. Fit-up work of this nature consists of 
determining the proper lengths of straight pipe, cutting, 
beveling, properly aligning and tacking the parts to- 
gether. Most oil-refinery piping material can be 
flame cut. However, if the piping material is of a 
variety not adapted to flame cutting, it is cut and 
beveled in the machine shop. Straight cutoffs used to 
be made by marking a line around the pipe, using the 
straight edge of a thin strap about 3 in. wide and 
long enough to wrap around the pipe about 1'/, times 
as a guide. This line was then followed with an 
oxy-acetylene torch, first making a straight cutoff 
and then beveling the pipe. This was slow and a 
machine-cutting method was desired. 

To do this job, a pipe-cutting pantograph was pur- 
chased. It flame cuts the bevel on straight lengths of 
pipe as well as cutting some of the more complicated in- 
tersections. Figure 5 shows the machine cutting and 
beveling a length of 6-in. pipe. The pipe rests in drive 
rolls which rotate it at a variable cutting speed of 8 to 
16 ipm under the cutting torch, which remains sta- 
tionary. The bevel can be set at any desired angle, 
usually 37!/2 deg is used in pipe work. 

Figure 6A shows the type of bevel actually cut by this 
machine while Fig. 6B shows the type of preparation 
desired for pipe work. The land at the base of the 
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Figure 6 


bevel aids in making a good root pass, which is very 
essential in high-quality pipe work. Attempts were 
made to flame cut this type of bevel and land by using 
two torches but the results were poor due to the small- 
ness of the land and the eccentricity normally present 
between the inside and outside diameters of pipe. Fig- 
ure 7 shows a device for grinding this land. It consists 
of an air-driven grinder mounted on a carriage which 
can be moved in and out by turning the handwheel at 
the rear. The entire rig is mounted on a portable hy- 
draulic lift table having swivel casters and a floor lock. 


Figure 7 


The table is pushed into position, elevated until the 
grinding wheel is properly aligned with the end of the 
pipe, and the floor lock actuated to prevent movement. 
The land is then ground by moving the grinding wheel 
inward with the pipe rotating in the pantograph. 
The reason for mounting the grinder toward one side of 
the table surface is that the table serves the additional 
function of supporting the free end cut from lengths of 
pipe. For this work the table top is elevated to within 
about '/, in. of the free end of the pipe which then drops 
this small distance when severed. If the free length is 
appreciable, two of these tables are used. The panto- 
graph has been used to cut the bevel pipe up to 24 in. 
in diameter. 

In addition to piping assemblies composed of welding 
fittings it is often necessary to make intersections di- 
rectly between the component pieces of piping. The 
pantograph can accurately and rapidly cut tee, lateral 
or miter joints. The tee and lateral connections cut 
by this machine can be either of the saddle or the insert 
type as shown in Fig. 8. In a saddle-type intersection 
the branch is shaped and beveled to rest on top of the 
header, the latter prepared with a straight-sided hole to 
conform with the inside diameter of the branch. For 
the insert-type intersection the header is cut and beveled 
to permit the branch to enter the opening. The branch 
is suitably shaped to conform to the inside diameter of 
the header. 


Iuserr Tyre 


| 
| 


Heaper 
WZ — 


Figure 9 


THE WELDING JOURNAL 


Figure 3 

x 

A” 
‘ A. B. 

| | Heaven 

& 
110 Kolb, Wheeler—Welding Shops 


Figure 9 shows a recent piping assembly consisting of 
a header made of 4-in. standard pipe having fourteen 
3-in. branches intersecting it on 10-in. centers. The 
bolt holes of the flanges were to straddle the centerline 
of the header. A saddle-type intersection was speci- 
fied. Since there were 12 of the assemblies to be fabri- 
vated the job was studied from an economy standpoint 
and the procedure described below was used for fabri- 
cation. 


Figure 10 


Figure 10 shows one of the branch pieces being cut 
and beveled to fit on the header. A cam, shown in the 
right foreground of the picture, is synchronized to move 
the cutting torch in and out as the pipe rotates beneath 
it. After the shaped cut was made the pipe was moved 
forward the length of the branch and a straight cutoff 
was made. This forward movement. is easily accom- 
plished as the pipe can be raised on longitudinal rollers 
by means of a built-in hydraulic system and moved 
to the proper cutoff point. Some of the finished branch 
pieces can be seen on the table in the rear of Fig. 10. 


Figure 11 
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Figure 11 shows a fixture in which the branch and the 
flanges were tack welded together. The flange was at- 
tached to an angle plate by means of pins inserted in 
the bolt holes while the branch piece rested in a vee 
support with the shaped end properly aligned against 
a piece of 4-in. pipe properly positioned to simulate the 
header. The shape of the saddle-type welding groove 
can readily be seen in the photograph. 


Figure 12 


Figure 12 shows the holes being cut in the header. 
This is being done by the hole-cutting attachment which 
is part of the pantograph. In this operation the header 
remains stationary while the torch is rotated to cut the 
desired hole. A cam synchronized with the rotation of 
the torch raises or lowers it to follow the contour of the 
header. This cam can be seen adjacent to the support 
column in the top central portion of the picture. It 
raises and lowers the torch through the pivoted and 
counter-weighted arm with which it is in contact. 

Assembly of the branches to the header was accom- 
plished by fastening the branch flanges to a previously 
drilled I-beam. The header was then set on top of the 
properly centered branches and tack welded in place. 
This stage of the assembly is shown by Fig. 9. Follow- 
ing this, the saddle welds were made with the assembly 
still bolted to the I-beam to keep distortion to a mini- 
mum. 

Figure 13 shows a piece of 24-in. pipe being cut off 
and beveled in the pantograph machine. The far end 
of this pipe length has previously been prepared for a 
45-deg lateral saddle-type intersection with a 36-in. 
OD pipe. The cam to make this intersection was laid 
out, using simple principles of analytic geometry, and 
the resulting intersection fitted perfectly. To change 
the machine from one type of cut to another merely in- 
volves installing a different cam and another set of 
change gears. This operation can be done in a few 
seconds. The manufacturer of this machine provides 
cams for practically every type of intersection, and it is 
unusual for us to design cams except in very special 
cases similar to the one in Fig. 13. Prior to the pur- 
chase of this machine, intersections were marked on the 
pipe by templates, by geometric methods or by special 
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Figure 13 


tools. The burner then cut the pipe, following the line 
to the best of his ability and estimating the proper 
angle by eye. This operation required considerable 
skill, and the completed product of an expert burner 
still lacked the accuracy and smooth cut obtained from 
the machine in much less time. 

Two-dimensional piping assemblies are fitted up by 
resting the pipe in roller supports similar to the one 
shown in the foreground of Fig. 13. These supports are 
usually placed on heavy cast-iron fit-up tables, but the 
use of hydraulie lift tables for fit-up is increasing in 
popularity. 

Figure 14 shows how a shop elevating table can be 
used to advantage in three-dimensional fit-up work. 
Considerable work is in progress to further mechanize 
fit-up operations, but at the present time we rely pri- 
marily upon the skill of our men for proper alignment. 


Figure 14 


AUTOMATIC SUBMERGED ARC WELDING 


Automatic submerged are welding has been used 
extensively in our shop operations. In this process 
the welding takes place below a blanket of granular flux 
and is limited to jobs where the flux will remain in 
place due to gravity alone or where suitable dams can 
be devised to hold it in place. Our work has been lim- 
ited to roll welds on pipe and small vessels and to 
straight-line seam welds made in the flat position. 


Figure 15 


Figure 15 shows the submerged-are welding rig join- 
ing a 24-in. flange to an elbow. The assembly is being 
rotated below the stationary submerged-are welding 
head by means of a variable speed positioner capable of 
imparting the proper surface speed for welding. The 
submerged-are welding head is mounted on a boom-and- 
column type positioner. The boom has a motorized 
up-and-down movement, but the carriage on which the 
welding head is mounted is traversed in and out by hand. 
The boom can be rotated through 360 deg on the col- 
umn. The entire boom-and-column rig is mounted on 
a mobile base equipped with knuckle-type steering, 
similar to that used on an automobile, and rubber- 
tired roller-bearing casters. This mobile base, which 
measures 6 x 6 ft, was sized to prevent any possible over- 
turning. Two men can easily pull this equipment to 
any desired location in the shop. The boom projects 
out 8 ft from the center of the column and can be 
raised upward 9 ft above the floor. For special appli- 
cations a spool piece has been installed between the 


Figure 16 
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Figure 17 


column base and the mobile base to raise the boom 12 
ft above the floor. The welding head is energized by 
two 500-amp a-c welding transformers. For 
requiring less than 500 amp only one machine is used, 
but for heavier work the two transformers are paralleled 
to give up to 1000 amp of welding current. 

Figure 16 shows a long length of pipe being automa- 
tically welded by submerged arc. 
were two flange welds plus a butt weld in the center of 
the assembly to be made. The pipe is supported in 
rubber-tired rolls mounted on hydraulic-lift 
This arrangement permits the rapid leveling and align- 
ing of the pipe with the positioner which is used to ro- 
tate the pipe. The flange weld closest to the positioner 
face was made first, then the submerged are rig was 
pulled to the center of the assembly to make the center 
weld, and in the position shown the final flange weld 
is being made. In pipe welding, the root pass is made 
manually and the weld is completed by the submerged- 
are process. It has been found that it is practical and 
economical to weld pipe 6 in. and larger by the sub- 
merged-are process. For smaller pipe the curvature is 
too great to retain the flux properly and a poor weld re- 
sults. 

Ball-type conveyor rollers were used to support the 
Con- 


work 


In this case there 


tables. 


pipe in our earlier submerged arc-welding work. 
siderable difficulty was encountered with irregular turn- 
ing with these ball supports because much of the pipe we 
use is rusty from outdoor storage. The rubber-tired 
ball-bearing supports we are currently using are 10 in. 
Rolling the pipe in them 
Lengths 


in diameter and 3 in. wide. 
produces smooth rolling, ideal for welding. 
of pipe, similar to the one shown in Fig. 16, up to 100 
ft long have been welded with his rig. 
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Figure 17 shows two 40-ft long lengths of 20-in. pipe 
being joined together by a central butt weld. There 
were four 80-ft lengths of this 20-in. pipe and four 80-ft 
lengths of 36-in. pipe to be fabricated in this manner. 
The pipe was rested in one set of power-turning rolls 
and three sets of idler rolls for this operation. Fit-up 
was accomplished by aligning the four sets of rolls and 
then setting the 40-ft lengths of pipe in them. The 


root pass was put in by hand and the welds finished au- 
The 36-in. pipe is the largest we have 


tomatically. 
welded to date. While powered-turning rolls have con- 
siderable application they must be very accurately 
aligned to prevent longitudinal creeping as the pipe 
rotates. For this reason we prefer to use the type of 
rotating arrangement shown in Fig. 16 for pipe work. 

Figure 18 shows a small vessel being rotated by ¢ 
faceplate type positioner for welding. It is supported 
on rubber-tired rolls blocked up from the floor to match 
the centerline of the positioner face. Figure 19 shows a 
girth weld being made on a larger vessel which is being 
turned by the power rolls. 

Figure 20 shows a longitudinal seam weld being 
made in a small vessel. Here the submerged-are weld- 
ing head is mounted on a variable-speed carriage which 


travels on a straight track. The ends of the track are 


Figure 20 
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Figure 21 


resting on hydraulic elevating tables which perm't 
height adjustment. Figure 21 is a similar setup for 
making seam welds in a tank bottom. 

It is our feeling that submerged-are welding has a 
bright future in our shops. High-quality welds can be 
produced rapidly with far less operator skill required 
than to make manual welds. We are currently con- 
structing a smaller mobile rig to be used exclusively for 
pipe work. This rig will be considerably easier to move 
around the shop. 


METALLIZING 


A room 18 x 22 ft was built in the new shop for metal- 
lizing. The room was kept small to obtain better ven- 
tilation. Figure 22 shows the metallizing installation 
building up a large stainless-steel compressor rod with 
Type 420 stainless steel. The 2000-cfm ventilating fan, 
which pulls air through the hooded arrangement into 
which the metallizing gun is spraying, can be seen in the 
upper right hand corner of the photograph. This hood 
moves with the carriage of the lathe and is connected 
with the blower by means of a telescoping duct arrange- 
ment. The lathe used has a 22-in. swing and a 10-ft 
bed. It is an old machine tool previously used by our 
machine shop. The sound absorbent lining around the 
upper half of the room and ceiling was installed to cut 


Figure 22 


Figure 23 


down on reflected noise. The shelter above the metal- 
lizing gun was intended to function similar to a shop 
phone booth. When the operator stands with his head 
in this shelter the noise is less apparent. 

In our shops, the machinists prepare the work for 
the welders to metallize. Surface preparation is the 
most important factor in metallizing work and it receives 
extreme care. Our procedure is to cut a sharp 60-deg 
vee thread about 25 threads per inch and then to roughen 
it with a special roller-type tool. Figure 23 shows 
this tool roughening a shaft. It is desirable to metal- 
lize as soon as possible after the surface is prepared in 
order to prevent any possible contamination or oxida- 
tion. However, because our work must be transported 
from the machine shop to the welding shop, there is 
always some delay. As protection against exposure 
we have followed the procedure of wrapping the pre- 
pared surface in heavy brown paper and sealing it with 
tape as soon as the machinist finishes his work. The 
practice has been used for several years, on hundreds of 
parts, without any apparent loss of bond strength. 
Figure 24 shows a shaft wrapped ready to go to the 
welding shop. 

It is our practice to use a light spray coat of molyb- 
denum on top of the roughened surface, as this pro- 
duces a better bond. Most of our work is in building 
up shafts, rods or plungers from such equipment as 
pumps, turbines, compressors, valves and motors. A 
favorite material for build-up has been Type 420 stain- 
less steel, which produces a hard wear-resistant surface 
which can be ground to an excellent surface finish. 


Figure 24 
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Fabrication of a Zirconium-Lined Reaction 


Vessel 


® Successful welding of zirconium is usually accom- 


plished by the inert-gas-shielded process with additional 


by O. G. Paasche and A. J. killin 


INTRODUCTION 


ITH the development of the Kroll process for 

|@) production of ductile zirconium by the U. 8. 

Bureau of Mines the metal has become available 

in relatively large quantities for use as a structural 
material. The Bureau station at Albany, Ore., has 
become a large-scale producer of the metal and is con- 
tinuing research on improved methods of production, 
fabrication and use of zirconium. 

During researches on process improvements it be- 
‘ame necessary to construct a reaction vessel, which, 
because of the highly corrosive nature of the reaction 
products, necessitated the use of a corrosion-resistant 
lining. Partly because of its excellent corrosion resist- 
ance and partly because of the availability of the metal 
to the Bureau station, zirconium was selected as the 
lining material. All the zirconium used in the fabrica- 
tion of the vessel was produced, melted and rolled to 
sheet at the Bureau plant. 

Ductile zirconium has many properties of special 
interest. It has adequate strength and ductility for 
structural use and fabrication by the usual methods, 
and its resistance to corrosive action by common acids, 
bases and salts is excellent, exceeding that of stainless 
steels in many cases. It is readily attacked by hydro- 
fluoric acid but is resistant to other agents as shown in 
Table 1. 

While zirconium has adequate ductility to be formed 
by bending, its fabrication by welding presents some 
difficulties. The metal absorbs gases readily from the 
atmosphere when heated. The atmospheric gases, 
especially oxygen and nitrogen, cause a rapid increase in 
hardness with a consequent loss in ductility when 
present in even small amounts. Any joints formed by 
welding without adequate protection are, therefore, 


O. G. Paasche is a Metallurgist with the Bureau of Mines and Associate 
Professor of Mechanical Engineering, Oregon State College, Corvallis, Ore 
A. J. Killin is a Laboratory Mechanic with the Bureau of Mines, Albany, 
Ore 
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Table 1—Effect of Common Agents on Corrosion of 
Stainless Steel (18-8 Type) and Zirconium 


-Corrosion rate, tpy- 


Ageni Concentrations Stainless Zirconium 
Atmosphere No attack No attack 
Salt spray 20% Pits No attack 
HCl 10% 0.065 0 .0002* 
H.SO, 10% 0.079 0.0007 * 
HNO, Cone. 0.018 0.00005 * 
HF All Rapid attack Rapid attack 
NaOH 50% Nil (10%) 0.00017* 
H;PO, 10% Nilf 0.00005* 
FeCl, 10% Pits 0.00005 
Citrie acid 10% Nil 0 .00002* 
NaF 10% 0.0003 * 

* Hot. 


+ Nil: Less than 0.000. 


extremely brittle and break at low loads. The corro- 
sion resistance is also affected to some extent. 

The welding of zirconium is, therefore, usually 
accomplished by the inert-gas-shielded are process with 
additional protection by inert gas on the underside of 
the weld. Experience with welding of zirconium has 
also shown that the use of metal backing plates securely 
clamped to the underside of the weld aids greatly in 
keeping contamination to a minimum, because the 
welding heat is extracted from the weld and heat- 
affected zones much more rapidly. The reduction in 
heat aids in reducing the time that the metal is at the 
elevated temperature where gases are absorbed most 
rapidly. Figure 1 shows a sketch of a typical welding 
setup. Every effort should be made to keep the protect- 
ing gases in contact with the metal as long as possible. 
Although it was not used in this project, a cover plate 
or follower on the are torch is recommended as an aid 
in keeping the gases in contact with the metal until it is 
cooled to a temperature such that gases are not absorbed 
readily. The under side is also protected as shown by a 
jet of inert gas. A good check on the adequacy of 
protection is to note the color of the oxide coating. If 
this coating is colorless, adequate protection has been 
maintained. 
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ate Whenever possible, lap joints were used, and these 
were made in a fixture similar to that shown in Fig. 1. 
eeneuen cme Helium gas was fed through a pipe into the groove in 
the backing plate. Helium was selected for this 
purpose, because, being lighter than air, it would tend 
onetinin ene, to rise and cover the under surface. A dam on the 
back end of this groove prevented the helium from 
passing on through, and it was forced to escape between 
the crimped sheets. 

Argon gas was used in the electrode holder, since this 
gas, being heavier than air, tends to lay down on the 
insidicaias eines weld, thus protecting it for a longer period of time than 

Fig. 1 Typical setup for welding zirconium sheet if a lighter gas were used. 
Prior to the actual welding of the vessel itself, 
several test welds were made using the techniques 


COPPER (BACK-UP) PLATE 


No welding rods have vet been developed for zir- 
conitum. If used, they should be of the same composi- 
tion as the zirconium being welded. It has been found 
that the best joints are those made by using the base a os 
metal to fill the weld. In practice the sheet is crimped | 
at an angle of 20 deg and the two pieces to be welded | 


Foced | 


placed together so that they overlap approximately 
‘',in. This lap is then welded together using the inert- 
gas-shielded arc. 


EQUIPMENT AND TECHNIQUES 


385 


The equipment used in the fabrication of the vessel 
lining, in addition to the usual machine and sheet-metal 080 Zirconium 
shop equipment, consisted of welding equipment a 
assembled especially for the welding of zirconium. | 

| 


This included a General Electric 4200 series welding 

generator with an extra low amperage tap. The | 
electrode holder, in which a '\s-in. thoriated tungsten 7 
rod was used, was an Airco water-cooled inert-are torch 

with a ceramic gaseous diffusion cup. In addition a 
Muhlenbach amperage control, which is a rheostat with 

foot control, was employed. A General Electric flow 

control that could be adjusted for either manual or 

automatie control on the water and gas lines was also 
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used, Fig. 2. Cross section of zirconium-lined reaction ressel 
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Fig. 3 Cover of reaction vessel 
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described. All tests showed weld strengths in excess 
of the parent metal and showed only a slight discolora- 
tion of tne weld and heat-affected zones. 

While welds in flat sheets are capable of being welded 
in the manner described above, corner welds are not so 
readily adaptable to a fixture of this kind. 
it Was necessary to use a filler rod of the same material 
Wires * ‘55 in. in diameter were 
placed in the junction of the two sheets and welded 


In this case 
as that being welded. 


using the same welding torch. 

In all cases a d-c current with straight polarity was 
used with a welding current of 100 amp at 13 v. No 
data were taken on the flow of water and gas, and no 
attempt was made to measure the rate of travel, since 
hand welding was used throughout, but it is estimated 
that zirconium welds readily at rates generally used for 
stainless steels. 


FABRICATION OF THE VESSEL 


A drawing of the zirconium-lined reaction vessel is 
shown in Fig. 2, while the cover of the vessel is shown 
in Fig. 3. As indicated in these drawings, all parts in 
contact with the reactants or their vapors are lined 
with zirconium. This includes the cover flange on the 
vessel itself, outlet pipe and flange as well as the entire 
under side of the cover, inlet pipes, manhole and stud 
bolts. The lining was 0.050-in. thick zirconium sheet. 
The metal was made in the plant of the Bureau of 
Mines and was melted and rolled to sheet in the Bureau 
shops. Since the capacity of the equipment was 
limited, the sheet had to be made in relatively small 
pieces, which necessitated more welding than would 
ordinarily have been required. 

The eylindrical wall of the lining was made by welding 
together several sheets in a fixture as shown in Fig. 4. 
The conical bottom was also welded in this fixture. In 
this case, however, triangular sections were welded to- 
gether until two halves of the cone had been formed. 


Fig. 4 Fixture for welding flat sheets of zirconium metal 
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These two halves were then placed in the fixture shown 
in Fig. 5 and clamped in place by means of the nut and 
screw shown in the upper part of the photograph. A 
rubber gasket under the washer served to prevent the 
escape of helium gas, which was led into the space be- 
tween the conical bottom and the table top by means of 
the tube shown. An annular ring kept the large diam- 
eter of the cone in proper dimensions. Again argon gas 
was used in the electrode holder to protect the upper 
surface of the weld. 

After the cylindrical and conical sections had been 
fabricated, they were placed in position in the steel shell 
of the vessel, and welding thereafter was done in place. 
In order to protect the under surface of these welds, it 
was necessary to feed inert gas to the space between the 
lining and the shell. This was accomplished by making 
a hole in the steel shell at a point just below the upper 
flange, and a pipe inserted into this hole carried the 
protective gas into the space. It was necessary to seal 
off the space by placing a rubber gasket in the groove 
between the lining and the shell at the upper flange and 
also at the outlet pipe at the bottom. All welds in the 
vessel were made by using a filler rod in the manner 
described previously. 

Next the flange lining at the top of the vessel was 
welded to the cylindrical lining. The gasket seal was 
moved to the outer edge of the flange, the under side 
of the weld being protected as above by the helium gas 
fed in through the same inlet tube. 

A tube of proper diameter was made of zirconium 


Fig.5 Fixture for welding conical bottom of reaction vessel 
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Fig. 6. Fixture for welding manhole cover 


sheet in the same manner as described for the cylindrical 
section and this, too, welded in place. After welding 
the flange on this tube, it was discovered that sufficient 
shrinkage had occurred to break the flange off again 
as the weld cooled. Another tube was made approxi- 
mately */s in. longer than the outlet section of the 
vessel. After welding this tube and flange in place, 
the tube shrank sufficiently to bring the flange lining 
in close contact with the flange itself. From this and 
similar experiences it is estimated that the shrinkage of 
zirconium during welding is about three times that of 
mild steel. 

The lining of the vessel cover was next fabricated 
using zirconium sheet as before. This sheet was also 
formed from smaller sections welded in the same manner 
as the cylindrical section. A circular section of this 
formed sheet was cut out as also were holes for manhole 
and inlet pipe. This sheet was then clamped and sealed 
around the outer edge to the cover plate. The linings 
for the inlet pipe and the manhole were then welded in 
place in much the same manner as described for the 
outlet pipe on the vessel itself. Since the manhole was 
not circular in cross section, the welding of it required a 
special jig as shown in Fig. 6. 

Recessed grooves in the flanges at the top of the 
vessel, the manhole cover, and the outer edge of the 
main cover were necessary to accommodate an “QO” 
ring seal. These grooves were made by heating the 
lining material with a torch until it glowed red (about 
1000° F) and indenting the lining with a formed tool 
and hammer. 


CONCLUSIONS AND 
RECOMMENDATIONS 


The experiences in handling of 
zirconium during fabrication and 
welding gained from this work have 
already proved valuable in improv- 
ing the techniques used in fabrica- 
tion of other equipment at the 
Bureau plant. The vessel has now 
been installed, and no defects or 
difficulties which can be attributed 
to the welding of the zirconium lin- 
ing have been experienced. Nosign 
of corrosion by the reactants in the 
vessel has been evidenced. Since 
all the welds were of good appear- 
ance with little oxide formation 
noted, this result was anticipated. 

As a result of this work, it has 
been shown that adequate protec- 
tion of both the under and face sides 
of the weld must be provided in or- 

der to retain the ductility of the metal. This necessi- 
tates the use of special setups, some of which are de- 
scribed. In addition provision must be made for the 
shrinkage which occurs during welding. It is estimated 
that this shrinkage is about three times that which oc- 
curs in mild steel. 

While the welds made during fabrication of this 
vessel are satisfactory, it is felt that some improvements 
in technique can be made. While the fixture shown in 
Fig. 1 was satisfactory, it is believed that improved 
welds can be obtained, if provision is made for water 
cooling in the copper backing plate and the clamping 
bars. This would remove heat at a still faster rate 
allowing even less time for absorption of gases. In 
addition some kind of cover plate or tail on the welding 
torch is desirable in order to provide a cover of argon 
gas for a longer period of time. It has also been 
suggested that a mixture of argon and helium gases 
might provide even better cover than gases used 
separately. 
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and Gold for Brazing 


Components 


by A. W. Swift and R. J. Metzler 


Abstract 

This paper gives a discussion of silver and gold alloys used for 
brazing various components employed in the electronic indus- 
try. A listing of the alloys discussed, showing their composition 
and solidus and liquidus temperatures, is included. Most of the 
known applications of these precious metal brazing alloys are 
covered by showing why, where and how they are employed. 
The use of sequential brazing, where subassemblies brazed in the 
higher temperature range are joined in final assembly with a 
lower temperature range alloy, is also treated. Where possible, 
illustrations and tables are used for clarity. 

It. is shown, in this paper, that there are many precious metal- 
brazing alloys which have merit for electronic applications. 
Among these there are some which are supplementary and com- 
plementary to others which are better known and are in more 
common use. 


INTRODUCTION 


HE growth of the electronics industry both in 
volume and in technical complexity has created 
many new demands for brazing alloys and brazing 
techniques. 

While a large portion of current electronics produc- 
tion still is used for military items, these are not the 
only applications. Some of the better known com- 
mercial electronic developments which employ brazing 
are induction heating units, dielectric heaters, color- 
television equipment, closed-circuit TV units, photo- 
electric printing and engraving machines, two-way 
radios and radio telephones, microwave stations for 
transcontinental telephone and television transmissions, 
navigation instruments and bowling-alley pin spotters 
and foul detectors. 

Many electronic components require only the usual 
characteristies of silver brazed joints: high strength, 
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§ Composition and solidus and liquidus temperatures of silver- and 
gold-brazing alloys and how they are used in electronic applications 
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leak tightness, good appearance and economy. Ex- 
amples are radar plumbing, wave-guide flanges, adapt- 
ers, directional couples, connectors, dummy loads and 


antennae. 

As a general rule the service requirements of electronic 
components do not require the high strengths available 
in brazed joints.' Normal design factors will satisfy 
most if not all brazed joints found in the electronics in- 
dustry. 

In addition to the metals and alloys commonly 
brazed, electronic components frequently contain 
metals or alloys having refractory oxide films, for in- 
stance aluminum bronze, beryllium copper and molyb- 
denum alloys. In such cases special techniques are 
employed: cleaning procedures, special fluxes, heating 
methods and use of special alloys. Aluminum bronze 
requires the use of a special flux. Beryllium copper can 
be brazed in the solution-treated condition and then 
aged without serious loss of properties.2 The brazing 
of molybdenum and high-molybdenum alloys is greatly 
facilitated by the use of silver alloys containing '/2 to 
1% of phosphorus. 


SPECIAL REQUIREMENTS OF THE ELEC- 
TRONIC INDUSTRY 


With an industry which is growing rapidly even at 
present, it is difficult to list all of the special demands 
placed on brazing filler metals. Part of the difficulty 
stems from the reluctance of the electronics industry to 
discuss the details of the design and manufacture of the 
various components being brazed. However, the de- 
sire for small size and lower weight and the need for 
longer life under severe conditions of elevated tempera- 
tures and greater vacuum have placed restrictions on 
existing filler metals and have created demands for new 
ones. 

One of the most important uses for brazing filler 
metals in the electronics industry is the joining of parts 
of vacuum tubes. The joints made must be leak tight 
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Fig. 1 This F-M dummy antenna consists of two silver-plated copper spinnings silver brazed with induction heat to the 
brass supporting ring using two rings of brazing alloy 


and the filler metal in the joints must be free from ele- 
ments which have high vapor pressures and which 
would volatilize under heat and vacuum, thus destroy- 
ing the vacuum and contaminating the tube. 

The narrow clearances in brazed joints and the small 
amounts of brazing filler metal used keep the size and 
weight ata minimum. The fluidity of the brazing filler 
metals—that is, their ability to wet metal surfaces and 
to flow into closely fitted components—enables them to 
be carried readily through a joint by capillary force. 
When proper brazing techniques are employed the re- 
quired leak-tight joints are obtained. 

Presence of impurities in the filler metals is suspected 
to be the cause of brazing difficulties. Certain im- 
purities have been designated as detrimental by vacuum 
tube producers. Carbon, in particular, is undesirable 
because if present, it may leave a smut which can be 
seen on the joint surface. The principal source of car- 
bon has been traced quite definitely to lubricant on the 
filler-metal wire. How much carbon, if any, is actu- 
ally dissolved in and is an integral part of the alloy 
itself is not known, but it is low in any event. 

The adoption of special handling in the mill will keep 
surface carbon at a minimum, but will not prevent con- 
tamination when making rings or other preforms. For 
’ is required; it is 
best obtained by cathodic electro-cleaning in a hot alka- 
line cleaner just before brazing. 

The principal offenders as far as volatility is con- 
cerned are zine and cadmium which elements are com- 
ponents of several but not all silver- and gold-alloy 
filler metals. 

Table 1 lists boiling point and approximate vapor 
pressures at three separate temperatures for several 
elements found in filler metals with some additional 
elements given for comparison purposes. 


best results ‘“‘chemical cleanliness’ 
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Table 1—Approximate Vapor Pressures of Metals of 
Interest * 


Vapor pressures, mm 
— mercury 

Metal 400°C 800°C 1200°C 
Cadmium 2 >760 76 765 
Zine 0.2 200 76 906 
Magnesium <0.1 30 76 1110 
Lead Low >0 1740 
Bismuth Low 0 1420 
Aluminum Low Low ‘ 2060 
Silver Low Low 5 2210 
Tin Low Low y 2270 
Copper Low Low , 2600 
Gold Low Low 2970 


Boiling temperature, 


* These figures were approximated from several handbooks 


The vapor pressures of zine and cadmium immedi- 
ately disqualify filler metals containing them for any 
applications where, after evacuation, the filler metal is 
to be heated, even moderately, either during fabrica- 
tion or service. Although tin is known to have a low 
melting point its boiling point is high and its vapor 
pressure is low at intermediate temperatures. Tin- 
bearing brazing filler metals are highly useful for vac- 
uum tube work. In particular, the alloy 60 Ag, 30 Cu, 
10 Sn is the lowest melting of all the standard non- 
volatile filler metals. There is a good record of com- 
mercial suecess with it, particularly in sequential 
brazing. 

Whereas the standard limit of allowable impurities 
in silver-alloy filler metals is 0.159 ', the limit for zinc 
plus cadmium in filler metals used in vacuum tubes is 
usually placed at 0.005%. 

In addition to the higher purity filler metal, some 
users require the filler metal to be melted and cast in a 
vacuum and without a deoxidizer. This requirement 
is usually limited to those cases when the cost of a tube 
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Table 2—Silver and Gold Alloys for Vacuum Applications 


Solidus- Liquidus 
Composition ‘ Remarks 

72 Ag, 28 Cu 1435 780 1435 780 AWS-A5.8-52T, BAg-8 (eutectic composition ) 
60 Ag, 30 Cu, 10 Sn 1095 590 1325 718 10% tin, silver-copper alloy 
71.5 Ag, 28 Cu, 0.5 Ni 1435 780 Eutectic composition with Ni 
90 Ag, 10 Cu 1435 780 1635 890 Coin silver 
50 Ag, 50 Cu 1435 780 1650 899 500 fine 
75 Au, 5 Ag, 20 Cu 1640 893 1650 899 ISK red gold alloy 
80 Au, 20 Cu 1620 882 1630 888 19. 2K red, AWS-A5.8-52T, BCuAu-2 
37.5 Au, 62.5 Cu 1710 932 1765 963 9K red, AWS-A5.8-52T, BCuAu-1 
82.5 Au, 17.5 Ni 1740 949 1740 949 19. 8K white 

7 Au, 2.8 Ag, 55.5 Cu 1710 932 1765 963 10K red 


is so high that extreme measures are considered justi- 
fiable to avoid any possibility of out-gassing or leakage 
which might be attributed to the filler metal itself. 
Another phase of vacuum tube manufacture is the 
brazing of glass-to-metal and ceramic-to-metal seals. 
One of the most widely used sealing metals is the cobalt- 
nickel-iron alloy onto which glass is melted and to 
which another metal is frequently joined by brazing. 
This alloy and others of this same group are particularly 
susceptible to cracking during brazing at low tempera- 
ture. This is not due, as commonly thought, to simple 
penetration of the grain boundaries by molten alloy. 
Rather it is a “stress corrosion’? phenomenon wherein 
the molten filler metal is the corroding medium. The 
base alloy, if stressed while hot and wet by a brazing 
filler metal, fractures intergranularly and the filler 
metal flows into the cracks. In the absence of stress 
there is no intergranular penetration by silver alloy. 
When high-temperature brazing filler metals are used, 
stresses are relieved before the filler metal melts and the 
When low-temperature _ filler 
metals are used, precautions must be observed to assure 


problem is obviated. 


that the sealing metal is stress free or that stresses are 
relieved before the filler metal flows. 

The silver- and gold-brazing filler metals most com- 
monly used for critical vacuum applications are shown 
in Table 2. 

Where vacuum applications do not exist, the most 
commonly used brazing filler metals are those shown in 
Table 3. This is an informative grouping only since 
the entire range of filler metals may be used where no 
composition restrictions exist.* 

From the above tables it can be noted that there is a 
range of melting temperatures available in all groups 
of brazing-alloy filler metals. By selection of the proper 
filler metals, aided, in most cases, with good design 
features, it is possible to fabricate an assembly with 


several brazed joints. In this regard it should be noted 


that the gold-alloy filler metals are frequently used for 
the initial joints to be followed by the lower-tempera- 
This process is known by the term 


ture silver alloys. 
“step” or “sequential” brazing. 

A new method for direct brazing of ceramics to metal, 
the titanium hydride process, was first announced in 
1947 by General Electric.‘ In this process, titanium 
hydride powder is applied (generally as a paste with a 
lacquer vehicle) to the ceramic surface to be bonded. 
A brazing filler metal such as copper, silver or silver- 
copper alloy is then melted onto the part either in pure 
dry hydrogen or in vacuum. During the heating the 
hydride decomposes and the titanium then dissolves in 
the titanium alloy thus 


the molten brazing alloy; 
formed wets and bonds to the ceramic. 

Later, work at MIT® showed that vacuum-melted 
alloys of silver, silver-copper or other brazing filler 
metals with titanium or zirconium metals (rather than 
hydrides) could be used for direct brazing of ceramics. 
A very wide variety of ceramics could be bonded by 
these means, the principal difficulty being spalling of 
the ceramic due to differences in thermal contraction 
between the ceramic and the brazing-filler metal or ce- 
ramic and metal to which it is joined. 

Our own observations have been that vacuum brazing 
is generally more satisfactory than hydrogen-furnace 
brazing; that high Al.O, ceramics are relatively free of 
spalling despite expansion mismatches; and that with 
proper design and good vacuum, very strong, vacuum- 
tight joints between ceramic and ceramic or ceramic and 


metal can be made. 
With the possible single exception of the brazing 
method for joining ceramic to metal, the basic funda- 


mentals of metal joining are applicable to all silver- and 
gold-alloy filler metal joints in the electronic industry. 
Joint design, precleaning and assembling are some of 
these fundamentals but these are beyond the scope of 
this paper. The fundamentals of fluxing and heating 
are within this scope and will be treated herewith. 


Solidus: 

Composition 

50 Ag, 15 Cu, 16 Zn, 18 Cd 1160 627 
15 Ag, 15 Cu, 16 Zn, 24 Cd 1125 607 
56 Ag, 22 Cu, 17 Zn, 5 Sn 1152 622 


Table 3—Silver-Brazing Alloys—for General Purposes—Nonvacuum 
3 pe 


——-—Liquidus - 
Remarks 
1175 635 Fed. Spec. QQ-S-561, Gr. 4 
1145 618 AWS A5.8-52T, BAg-1 
1205 651 AWS A5.8-52T, BAg-7 
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Fig. 2. The induction heating operation used in silver 
brazing the F-M dummy antenna 

The elimination or prevention of oxide formation dur- 
ing the brazing process can be accomplished by the 
proper use of a suitable flux or reducing atmosphere. 
A wide variety of fluxes are available for brazing the 
silver- and gold-alloy filler metals. These fluxes will 
contain fluorides plus other ingredients to provide the 
required properties. 

For fluxless brazing, the specific atmosphere will be 
dependent on the heating equipment used and the na- 
ture of the parts to be brazed.6 At this point, however, 
it should be mentioned that many brazed joints made 
under controlled atmosphere conditions have been 
found unsatisfactory. One of the principal difficulties 
has been the fact that many atmospheres are not ef- 
fective in the brazing range of some alloys. Another 
problem is the protection of the brazing-filler metal and 


Fig. 3 1 typical directional coupler of copper rectangular wave-guide tubing and flanges is hand-torch silver-alloy brazed 
and held to very close tolerances 
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the joint area until the assembly is heated to the tem- 
perature at which the atmosphere is effective. A third 
condition arises when entrapped air is admitted as the 
part to be brazed is charged into the heating zone. 

The first of these problems is solved by the selection 
of the proper filler metal or atmosphere to suit the condi- 
tions of the part. In the latter two cases, a small 
amount of flux on the filler metal and the joint area is 
usually sufficient to satisfy the requirements until the 
atmosphere becomes completely effective. 

Over the years, the greatest percentage of brazing 
with silver- and gold-alloy filler metals in jewelry, 
silversmithing and industry has been performed with 
the hand torch. Generally speaking, the above state- 
ment holds true for the present as it did for the past. 
In the electronics industry specifically, however, the 
various components have physical limitations which 
predetermine the type of heating which may be used. 

Where possible and economically practical, a large 
volume of electronic production is brazed with a hand 
torch using a suitable fuel gas with air or oxygen. The 
factors which determine the selection of the hand torch 
as a heating medium are the same as those in all in- 
dustries. Radar plumbing, antenna mast and com- 
ponents and various small subassemblies lend them- 
selves readily to this heating method. The final as- 
sembly of many separately brazed subassemblies where 
heat control by the operator is desirable is another con- 
dition for which torch brazing is suitable. 

For furnace brazing, both the batch type and the 
conveyor type are widely used. Although the furnace 
is most commonly associated with a controlled atmos- 
phere, there are many applications where flux is the 
only means of eliminating oxidation. Since furnace 
brazing operations require over-all heating of any as- 
sembly, accurate temperature controls are essential to 
prevent overheating of critical parts. This is especially 
true in the case of step or sequential brazing. Here 
it is necessary to keep all subsequent brazing tempera- 
tures below the melting point of the alloy previously 
used. 

Resistance heating and high-frequency induction 
heating methods are quite similar when these methods 


THe WELDING JOURNAL 


. 
é 
| 4 
— 
122 


Fig. 4 This illustrates the type of smooth silver-brazed 
joints obtained on wave-guide assemblies 


are used for brazing in an atmosphere or in a vacuum. 
A suitable bell jar covering the work and the heating 
element, is used to exclude the normal atmosphere. 
The controlled or protective atmosphere can then be in- 
troduced or the necessary amount of vacuum created. 
An important extra advantage of this method is full 
visibility of the brazing operation. 

Where neither vacuum nor protective atmosphere is 
required, the induction and resistance equipment are 
used with flux. This technique is the standard proce- 
dure used with these heating media for silver-alloy 


brazing. 

Another method of heating which has found accep- 
tance in electronic component production is the molten 
salt bath. This method is limited to those assemblies 
on which the brazing alloy can be preplaced away from 
direct contact with the heat. Certain types of radar 
plumbing, mounting bases and similar parts lend them- 
selves to this form of heating. While internal ring 
grooves may be used with other forms of heating, they 


are a “‘must” in salt bath heating. 


SUMMARY 


As has been pointed out, the rapidly growing elec- 
tronics industry involves many unique problems in 
metal joining. It has been indicated that the char- 
acteristics of the silver- and gold-brazing filler metals 
have helped in solving some of these problems. The 
tables listing the presently used filler metals should be of 
definite help in selecting the proper composition for 
various types of assemblies. The range of melt and 
flow points available help solve the frequent problem of 
sequential brazing at varying furnace temperatures. 

Special emphasis has been given to the more difficult 
problem of the brazing of vacuum tube components 
with “vacuum grade” silver and gold alloys. 

The type of heating equipment used varies with the 
nature of joints. It has been indicated that many of 
the standard heating methods are used plus such spe- 
cialties as fluxless induction or resistance brazing en- 
closed in bell jars with either a vacuum or very carefully 
controlled reducing atmospheres. 

Silver- and gold-alloy filler metals have the desirable 
characteristics necessary for enabling the electronics 
components manufacturers to assemble their parts to 
the very close tolerances they require with the neat ap- 
pearing and easily silver-plated joints specified on many 
of the wave-guide assemblies. 

Research is continuing on the development of even 
better alloys and better brazing methods in order to 
keep up with this fast growing industry. Another year 
or two will reveal a great amount of additional informa- 
tion on the uses of silver and gold alloys in joining elee- 
tronics assemblies. 
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Discussion by Herbert R. 
Isenburger 


It is always pleasing to hear from users 
that radiographic inspection ‘‘has proved a 
most effective means of checking welds.” 
Since radiography is the writer's specialty, 
we will confine our remarks to that field. 

The authors state that “‘little was done 
in this field (gamma-ray inspection), on 
either side of the Atlantic, until 1928.” 
The original work with radium was carried 
out in 1925 by Pilon and Laborde in 
France. They used this material on board 
ship to radiograph heavy steel castings, 
among other materials (Klectricité et 
Mécanique, July/August 1927, pp. 25-38). 

Long before the Government installed a 
200-kv X-ray unit at Watertown Arsenal, 
Dr. Ancel St. John had done the pioneer- 
ing work on weld inspection. He was the 
first one ever to be employed fully on 
radiographic work when the Union Car- 
bide & Research Laboratory 
engaged him in 1918, and where he re- 
mained in that capacity until he opened his 
own laboratory in 1925. 


Carbon 


A typical exo- 
graph and the technique of that early 
period (1920) are reproduced on page 132 
in Industrial Radiology (John Wiley & 
Sons, New York, N. Y., 1943). St. 
John's pioneering work led to a patent 
(No. 1,622,149) assigned to the Carbide 
company. 

The names of two other pioneers in the 
radiographic welding field deserve to be 
mentioned: H. Pilon and John T. Norton. 
Dr. Pilon presented his findings in an 
important lecture on ‘‘Metal Radiography 
and Its Application to Autogenous Weld- 
ing” in Paris, on July 1, 1921 (published by 
the Library of Acetylene and Autogenous 
Welding, 104 Boulevarde Clicky, Paris, 
Feb. 11, 1922). Some of Professor Nor- 
ton’s work was published in the Jron Age 
(1926, Vol. 118, pp. 409-412) and the Tech- 
nical Engineering News (December 1926, 
p. 262). The writer himself takes credit 
for providing much of the preliminary work 
which led to the Boiler Code specification 
in 19380. 

At least 90% of all radiographic prob- 


Herbert R. Isenburger is with the St. John X-Ray 
Laboratory, Califon, N. J 


Paper by Lew Gilbert and William B. Bunn was 
published in the Juiy 1953 issue of Toe WeLpING 
JOURNAL, pp. 614-619 
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lems in the welding industry today can be 
solved by a modern 260-kvy X-ray unit, 
since only about 10% of all welding is done 
in plate stock greater than 3 in. thick. 
This eliminates the use of million-volt and 
betatron installations which would be too 
costly for the average welding shop. Such 
equipment is mostly used on ordnance 
material and requires a building of its 
own. 

Although an even more powerful radia- 
tion can be obtained by the 80-Mev syn- 
chrotron, very little is gained for radi- 
ography in the higher voltage range, since 
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the absorption of radiation in metal does 
not change much between 10 and 50 Mev. 
For equal focus-film distance the field of 
coverage decreases with rising electron 
voltage. The sensitivity and latitude are 
essentially the same through steel for all 
energy radiations from 10 to 50 Mev. 
Penetrameter sensitivities of 2% at 1 in. 
and progressively down to 0.5% on 9 in. of 
steel can be expected witha betatron operat- 
ing at about 15 Mev. 

The authors quite correctly ignore the 
use of radium and Cobalt 60. These ma- 
terials are ill-suited for weld inspection 


EXPOSURE CHARTS 


for 
Cobalt 60 (Iridium 192) Radiography 
Filter-Set and Calcium Tungstate 
Intensifying Screen Technique. 


Inspection Techniques 


3 
Thickness ef Steel 


4 5 


Figure 1 


THe WELDING JoURNAL 


nc/hrs. 

| 


Mass 


number 


Atomic 
Element number 


High energy 


Natural: 
Radium 88 226 
Radioisotopes: 
Sodium 11 24 
Scandium 21 16 
Cobalt 27 60 
Antimony 51 124 
Tantalum 73 182 
Kuropium 63 152, 154 


Cesium 


Medium 
Radioisotopes: 


Antimony 125 
Cesium 55 137 
Iridium 77 192 
Selenium 34 75 
Low 
Radioisotopes: 
Cerium 58 
Thulium 69 170 


Table 1—Gamma-Rays* 


Gamma-ray energies, 


Half-life Mev 
1620 vr 0. 24-2 42 (0.7 mean) 
15 hr 1.38 and 2.758 
85 dyas 0.89 and 1.12 
5.3 yr 1.17 and 1.33 
60 days 0.6 (95%), 0.714 (24%), 
1.7 (70%), 2.06 (6%) 
111 days 0.152 (2%), 0.222 (4%), 


Sources or Gamma-Ray Emitters 


Useful thickness. 
range, steel in in. 


Output; me 
mrhm/me 


1.189 (37%), 1.225 (57% 


13 vr 0.12 to 1.2 


0.794 (100%) 


0.035 to 0.637 

0 662 

Beta: 1.2 (5%) and 
0.51 (95%) 


0.067 to 0.405 


290 davs 0.13 (strong) 
127 days 


568 (25%), 0.602 (100% 


0.137 to 0.651 (0.35 mean 


0.085 (10%); Beta 0.97 


0.84 1/,-6t 
1-10 
3/,-6 
1.3 3/,-6t 
3 
0 6] 
0.55 
1.15 
0.72 1/,-2 
0.37 1/1¢-2 
0 27 16 2 

0.30 

Aluminum 

0.0045 Aluminum 


Co®: 
[r%: 


3 in. Pb up to 250 me; 


unless used in conjunction with a filter-set 
and calcium tungstate screens. Figure 1 
gives the exposure charts for focus-film 
distances of from 12 to 48 in. when using 
Cobalt 60, for this new technique. In 
Iridium 192, however, we have a radioiso- 
tope which will give adequate results for 
weld inspection. With its lower-energy 
range gamma ravs (0.35 Mev mean), Ir? 
is suitable on steel plate ranging in thick- 
ness from '/), to 2 in., and is specially use- 
ful for short-distance work inside pipes, 
ete. While its half-life is short (74 days), 
it can be reactivated. It is sound practice 
to use three sources in rotation; while one 
is in use, two others are in transit and being 
processed. A suitable source of Ir? has 
an activity of 2 curies with a pellet size of 
1X 1mm. It must be produced in a 


* Recommended lead thickness for shipping containers: 
tin. Pb 300-500 mc; 


5'/. in. Pb 500 me to 1 ¢. 
1/, in. Pb up to 500 mc; 1 in. Pb 500 me to 2 ¢. 

t Greater thicknesses may be penetrated successfully by using larger amounts of Ra, Co® or Ta!**, but these require remotely controlled 
handling devices for safe operation. 


position of high intensity flux to provide 
Figure 1 also 


satisfactory radiation. 
gives exposure charts for Iridium 192 for 
focus-film distances of from 6 to 24 in. 
with the new filter-set and salt screens 
technique. The time saving of this new 
method is evident from a comparison of the 
two exposure curves at 18-in. distance 
Whereas the old methed, 
employing lead requires 1200 
me/hr to radiograph a 1-in. weld, the new 
method only requires 70 me/hr. 

A promising new isotope is Cesium 137, 
The sources 


shown in Fig. 1. 
screens, 


a uranium fission product. 
are approximately 2 mm in diameter and 
contain about 200 me of Cs.'37 The 37- 
vear half-life is a great advantage and its 
gamma radiation is monochromatic (0.662 


Mev). There are a number of other 


Table 2—Comparison Between X-Rays and Gamma Rays 


X-ray units 


Gamma-ray sources 


Advantages 


Shorter exposure time 


Can be shaped to any desired form before being activated 
Small and light 


can readily be transported and used when 


and where needed 
Can expose a number of objects simultaneously (Carrouse! 


exposures ) 


Do not require attention during exposure 
Kasy to manipulate 
No scattering effect to be considered 


Disadvantages 


Great expense 

Great bulk 

Repair and upkeep cost 
Require power supply 
Skilled operators 


Cannot be turned off 
Long exposures 
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gamma-ray emitters which may be suit- 
able for weld inspection. They are shown 
in Table 1. And since the use of isotopes 
is steadily increasing, a comparison be- 
tween advantages and disadvantages for 
X-ray equipment and radioisotopes is 
given in Table 2. (Both tables are taken 
from an article on Industrial Radiography 
which the writer prepared for the Encyclo- 
pedia of Chemical Technology to be pub- 
lished in Vol. 11, and are preprinted here 
through the courtesy of Interscience Pub- 
lishers, Inc., New York, N. Y.) 


Authors’ Reply 


The authors are complimented that Mr. 
Isenburger, an outstanding authority in 
the field of radiographic inspection, has 
read and submitted comments on our 
rather elementary paper. 

We bow to Mr. Isenburger’s knowledge 
of the pioneer work in this field performed 
by Dr. Pilon and Dr, Laborde in France, 
and of Dr. Ancel St. John, 
Norten and Mr. Isenburger in this country. 
Any mention of the pioneering work in 
radiographic inspection of welds is cer- 


Professor 


tainly incomplete without reference to 
these men who contributed so greatly to 
its advancement. 

As users of radiographic inspection we 
are indebted to Mr. Isenburger fer his 
tables and explanation of the use of some 
of the newer radioisotope sources. In 
concise form they give a most complete 
picture of the present status of radiographic 
energy sources available to industry. 
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55 134 2.3 yr 0 
2.é yr 
37 yr 
74 days 
127 days 


Inspection Techniques for 
Quality Welding 


Discussion by R. J. Kriz 


Having had intimate contact with practically every 
type of inspection except the baby of them all as re- 
ferred to by the writers as “Ultrasonic Inspection,” I 
feel the paper is well presented. 

There are one or two comments I would like to make. 
In the authors’ reference under “Codes and Specifi- 
cations” the statement has been made that there should 
be little difference in cost between sound good quality 
welds and poor inferior welds since the same motions are 
necessary to obtain both. I am rather inclined to dis- 
agree with this statement as I feel that it takes consid- 
erably more time to fit up properly and prepare welded 
joints and considerable time is cut from a job by slip- 
shod methods of fit-up and the elimination of certain 
necessary jigs. 

Also, I have in the past been quite concerned about 
the method of welding pipe in a fixed horizontal posi- 
tion whereby the welding is done downhand. This 
method will produce welds from three to five times fas- 
ter; however, there is a question in my mind as to 
whether the resultant weld is as good as the weld 
when welded from the bottom up. 

Under the heading of ‘Visual Inspection” a question 
arises in my mind regarding the statement made that 
there is usually little question about the “type of de- 
fect, or dimensions of either welds or assembly during 
visual inspection.” It is my conception that one of the 
inspector’s toughest jobs is to decide at the time the 
defect is observed as to whether it is serious enough to 
accept as is or whether it should be removed. 

I can recall that in the early 1930’s, when X-ray was 
coming into its own, that we, as a laboratory, had many 
a rough time in the interpretation of films with outside 
inspection agencies as to the extent of the defects and 
whether they were permissible or whether they had to 
be removed and rewelded. 

I also got quite a charge out of the photograph show- 
ing inspection on the inside of welded seams of steel 
pipe as it brought back memories of many, many miles 
of pipe which I had inspected at various plants such as 
American Rolling Mill Co. and Bethlehem Steel Co. 
This not only involved inspection but a training pro- 
gram for welders who handled the repair work on such 
weldments, and once again considerable discussion 


R. J. Kriz is Secretary-Treasurer, Cleveland Section, AWS. 


Paper n Lew Gilbert and Wm. B. Bunn was published in the July 1953 issue 
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would ensue as to what was an acceptable undercut or 
defect in the weld, necessitating its removal. 


Discussion by Robert Chuse 


When I was first asked to write a discussion on a 
paper by Bill Bunn and Lew Gilbert, I said to myself, 
what could these welding experts possibly have left out 
in writing a paper on “Inspection Technique for Qual- 
ity Welding?” Upon reading the article in the July 
issue of THE WELDING JOURNAL, I discovered that it is a 
good paper but that a few things could have been 
added. For instance: The first section should have 
been called “Inspection of Welding Procedures,” as I 
consider a proved procedure the basic part of sound 
welding. 

Basically, what is a ‘‘Welding Procedure?” It is 
proof by a manufacturer that he can successfully weld 
a particular type of material. The Inspector should 
satisfy himself that the manufacturer’s procedure is 
acceptable for welding the job to be constructed. But 
the Inspector’s job is not finished there. He must see 
that the welding operators have passed the operators 
test proving he can use the manufacturer’s procedure 
in welding this material. And finally, the Inspector 
should see that the procedure is followed in the shop. 
This is particularly important in an Incentive Wage 
System shop where a time limit is set for certain type 
welds and a bonus is given if a weld can be completed 
faster than the set standard time. 

In the section on “Codes and Specifications” a few 
words of praise certainly should be said about the 
ASME Welding Codes. They have done so much 
to set a good standard in the welding industry that 
many a purchaser of pressure vessels who does not have 
an inspection department of his own is thankful that 
he can order an ASME Code vessel and have it in- 
spected to Code standards. 

The section on ‘Testing and Inspection Methods,” 
is well written, especially the part on visual inspection, 
and needs no further comment. 

In the part on “Radiographic Inspection,” it is nice 
to know the history of radiography, but the important 
thing is to be able to interpret the X-ray or gamma-ray 
films. Not enough inspectors can properly interpret 
these films and it might be stated that some of the X-ray 
technicians could use a little more knowledge in film 
interpretation. I have in many instances requested 
that X-rays of a welded seam be retaken. The retaken 
films proved that either the technique in taking the 
film or the interpretation of the original films were 
wrong. Basically, the important parts from the In- 
spection point are these: 


Has the X-ray of the weld been properly taken? 

Has complete penetration of the weld been gotten? 

Are the defects that can be seen acceptable or must 
they be chipped out and repaired? 


Robert Chuse, 229 Hillside Ave., Leonia, N. J. 
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The parts of the paper on ““Magnetic Powder Inspee- 
tion,” “Fluorescent or Dye-Colored Oil Penetrant Test- 
ing” and “Ultrasonic Inspection” leave little to be 
added. 

In addition to the above in which I tried to follow the 
outline of the Authors’ paper, something should be 
said about design. The Designing Engineer can help 
in producing good welding. The designer should take 
into consideration the accessibility and position that 
the joint is to be welded in. For example: On the 
point of accessibility alone, if it is difficult to weld a 
joint because a welder cannot reach it and see it and 
relax at the same time, it is impossible to expect and 
get good workmanship as a result. It is therefore im- 
portant to start the inspection by checking the draw- 
ings. It is here that difficult-to-weld joints can be seen 
and possible corrected before fabrication is begun. 

In conclusion, I would like to emphasize the following 
statement in the Author’s words: “Actually there 
should be little difference in cost between sound, good 
quality welds and poor inferior welds since the same 
motions are necessary to obtain both.” 

How few shops realize this; the worst offenders often 
It, therefore, actually 
saves money to so organize their own inspection depart- 
ments to get good quality welding, because welding, 
more than any other process, requires the utmost in 


being the most cost conscious. 


control. 


Authors’ Reply 


The discussion of our paper by both Robert Chuse of 
the Hartford Steam Boiler Insurance Co. and Robert 
Kriz of the James H. Herron Co. have been carefully 
read and are hereby gratefully acknowledged. To 
merit the attention of two such well-known people in 
the inspection field and to read the very nice comments 
of both of them is certainly gratifying to both Mr. Gil- 
bert and Mr. Bunn. 

It is interesting to note that both Mr. Chuse and Mr. 
Kriz mention specifically the section on ‘Codes and 
Specifications.”” The authors agree to both criticisms 
concerning the coverage of that particular section. 
There is no doubt that the importance of ASME 
should have been emphasized and the fact that it was 
not is merely because both authors feel the same and 
the importance of the ASME welding codes are beyond 
question. 

It is interesting also to note that. both discussers men- 
tion the section in which the authors point out that, 
“There should be little difference in cost between sound, 
good quality welds and poor inferior welds since the 


same motions are necessary to obtain both.” Since 
Mr. Kriz was the only one who took exception to that 
statement, perhaps this reply could best be directed to 
him. What the authors mean here is that it really 
makes no difference from a cost standpoint because a 
sloppy, slipshod job of fit up and the elimination of 
necessary jigs, and carelessness in the fabrication of the 
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weldment will result in rejections, repairs, cutouts and 
other such expensive items. What the authors mean 
to imply here is that careful attention to all of the de- 
tails as mentioned by Mr. Kriz result in a good quality 
job. And though these careful details may be some- 
what more costly in their original form, they eliminate 
the excessive cost of rejections and repairs and are, 
therefore, just as inexpensive as spending less time and 
attention to the problem originally. So_ basically, 
both the authors and Mr. Kriz are in agreement on 
this point. Mr. Kriz mentions also the practice of 
welding pipe in a fixed horizontal position and specifi- 
cally points out that he frowns on such a practice. 
It is logical that someone as close to inspection as Mr. 
Kriz obviously would frown on such a practice. But 
it must be remembered that much of the welding done 
on pipe is not necessarily of such quality that radio- 
graphic or other types of critical inspection are neces- 
sary. Much pipe welding can be done, and is done 
very efficiently, by that method. And much of that 
type of pipe welding requires no particular inspection 
other than good careful visual inspection on the part 
of a well-qualified operator and/or inspector. 

So basically, both Mr. Kriz and the authors are right 
in their respective opinions of this method of pipe 
welding. 

It is interesting to note that both discussers have dif- 
ferent opinions about the section under “Visual In- 
spection.”” Mr. Chuse who certainly has had consid- 
erable experience in visual inspection feels that the 
subject matter has been covered adequately. By the 
same token, Mr. Kriz who also has had many years of 
different types of inspection feels it was not covered 
adequately. His point is well taken, and it is certainly 
advisable that the inspector know what he is looking 
for when he does an inspection job of any kind. As- 
suming that he does however, the authors feel the sub- 
ject matter has been covered adequately. If the in- 
spector does not know his business, and the possibili- 
ties are that there are many such inspectors in the field, 
then the problem becomes a much more serious one. 
And frankly, the scope of this paper does not allow a 
thorough discussion concerning the proper training of 
such inspectors. The problem of “how good is good 
enough” has always been with us, and will probably 
ever be with us, at least until such time as inspection 
agencies and/or fabricators decide upon a carefully 
planned, easily distinguishable standard for such in- 
spection. And the time for such a standard apparently 
has not yet arrived. 

The authors are gratified that so many qualified in- 
spection people have taken the time to comment on their 
paper. It is an excellent commentary on the reading 
habits of people in this industry that a paper such as 
this should have received such wide and interested 
readership. As the industry grows, one of the primary 
reasons for this growth will be the continuing interest 
of such people in papers of this kind. 
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Welding 


by R. W. Tuthill 


N THE development of Fillerare equipment* for 
the consumable-electrode gas-shielded welding proc- 
ess, an intensive study was made of the are itself. 
This process is radically different from other methods 

of welding. New concepts of current density and 
adjustment, electrode feeding methods, control of arc 
length, travel speed and operator skill requirements 
become apparent and should be expected. 

One phenomenon of the new method of welding is the 
manner in which metal drop particles transfer across 
the are. As the current density is increased on the elec- 
trode, the droplets forming at the end of the wire elec- 
trode decrease in size and increase in rate to the point 
where they cease to short circuit the electrode and work 
at any instant. At normal are lengths the current den- 
sity at which this transition from large to small droplets 
occurs is high, about 30,000 amp per sq in., on large 
electrodes (8/3. in. diam); and becomes increasingly 
higher, 200,000 amp per sq in., when using smaller 
electrodes (0.030 in. diam). With these high current 
densities and feeding rates, travel speeds are also pro- 
portionally higher compared to metal are welding. 
The rapidity with which the operator can move the gun 
uniformly along the joint sometimes is the only criteria 
as to how fast a travel speed can be satisfactorily used. 
These current densities are much greater than those 
used in conventional flux-coated electrodes and result in 
the fundamental difference that produces the unique 
welding characteristics of this new rapidly expanding 
process. 

These high current densities cause rapid burn-off 
rates of the electrode. The current is controlled by 
adjusting the feeding speed on the electrode rather than 
adjusting the welder.* 

Another major reason for undertaking this basic in- 
vestigation of the process was to determine what im- 


R. W. Tuthill is Supervisor, A-C Development Engineering, Welding Depart- 
ment, General Electric Co., Fitchburg 8, Mass. 
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* See Fillerare Welding Process,’ article by the author in Toe 
Journat, 32 (8), 703-707 (1953) 
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re Characteristics for Consumable-Electrode 


Tuthill—Inert Gas Metal Arc 


§ An experimental investigation of the inert-gas-shielded metal 
arc in order to establish the volt-ampere curves for different metals 


provement could be made toward reducing the operator 
skill requirement, which is a large factor when using 
conventional welders consumable-electrode  gas- 
shielded welding. The test results obtained produced 
the data which resulted in a motor generator design 
which would provide the ultimate in the reduction of 
the skill necessary for welding. 

Since the output curve of the welder determines the 
are length, a study of the are was in order to determine 
are characteristics before designing a welder specifically 
for this process. 

Elaborate tests were made to determine how the arc 
length varied with are voltage under different conditions 
of welding. These tests were made in order to design 
a generator so that it would provide the correct are 
length regardless of the wire feeding speed. 

An experimental investigation was undertaken to 
study the are in order to establish the characteristic 
volt-ampere curves for different metals. The schematic 
diagram of the test equipment is found in Fig. 1. This 
shows the relative position of the camera for are length, 
the fixed gun, moving workpiece, wire drive unit and 
welder. The electrode wire was fed through a gun by 
pulling it with knurled feed rolls in the gun itself. 

The main object in this investigation was to deter- 
mine the relationship between the physical arc length 
and the are voltage for different welding conditions. 
The practical way selected to measure are length was 
to project the image of the arc upon a calibrated screen. 
A camera with a ground-glass viewing plate was focused 
on the are in the plane of the work. The are length was 
measured from the solid end of the wire (where droplets 
were forming) to the work. This procedure did not 
take into account the are length that was below the sur- 

face of the plate in the are crater. This effect was mini- 
mized as much as possible by using a heavy workpiece. 
At very high currents, however (about 350 amp), the 
center of the arc crater was never more than !/j\5 of an 
inch below the surface of the plate. True are length 
may be somewhat higher under these conditions, but 
the purpose of these tests was to determine general 
are characteristics, 
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The gun was positioned in front of the lens system of CONSUMABLE ELECTRODE GAS SHIELDED ARC 


the camera and adjusted so that the inverted are image 
was double size for accurate are length measurement. 
The work was positioned under the gun so as to move 
at adjustable speeds while the gun remained fixed. 
Although conventional and special welders were used as 
sources of power, the selection of welding power source 
had no effect on the data obtained. 

The test procedure was to start the are by feeding the 
electrode, this started the are automatically, producing SS 
a bead on the work which moved under the are. At 
the same time, readings of all pertinent data were taken 
including are current, are voltage, are length and wire 
feeding speed. Readings were taken at different are 
lengths by adjusting the output curve of the power | 
8 12 16 20 24 28 32 


supply so as to produce the needed current to consume ARC LENGTH ¢4S INCH 


the wire at different are voltages. The are voltage was Fig. 2. Are length versus arc volts 
measured from the copper contact tip to the work. The 
contact tip is the last metallie part of the gun in contact 
with the electrode. There is an element of voltage vided welding is above the dripping transfer stage. 
This is a fact of great significance. As the are length is 
increased with the same wire feeding speed, the current 


drop in the wire itself, as much as 3 volts under some 
conditions of high currents, which contributed to the are 
voltage. The reason for factoring the voltage drop into needed to maintain the same burn-off rate increases 
very little. In many other processes the effect of are 
length (are voltage) on burn-off rate is considerable. 


the characteristic of the are was that this drop contrib- 
utes to the requirements of the are as far as the machine 


design was concerned. From these data, curves of 
are length versus are voltage were plotted as in Fig. 2. 
These curves show that as the physical length of the are 
is increased, the are voltage also increased. This was 
expected, since most prior art in other processes indi- 
cates that this is true. Wire feed in inches per minute 
is indicated for each curve. However, the current re- 
mained almost constant, regardless of are length, pro- 
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The difference in current to consume the wire at a con- 
stant rate in this process varied only about +5% with 
long or short ares. With small wire at very high cur- 
rent densities the required current for burn-off equilib- 
rium remains practically constant even with extreme 
changes in are length. 

Using the data from a series of tests at different wire 
feeding speeds (current), the curves were replotted, are 
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Fig. 3 Volt-ampere curve for constant arc length 


voltage versus wire feeding speed (are current), for a 
constant are length. This gave a family of curves such 
as shown in Fig. 3 for 0.030-in. diam aluminum wire in 
argon gas. 

As may be seen from Fig. 3, the curves of constant are 
length are rising. This means that in order to maintain 
a constant physical are length the are voltage must be 
regulated so as to be increased as the wire feeding speed 
is increased. In consumable-electrode gas-shielded 
welding, unlike metal-are welding, it is not possible for 
the welding operator to make any permanent change in 
the are length by manipulation of the welding gun. 
Instead, the arc length is adjusted by controlling posi- 
tion of the output volt-ampere curve of the welding 
generator. These curves helped to explain why it was 
so difficult to use a conventional motor-generator 
welder for a power supply for this process. The are and 
conventional welder output curves are almost perpen- 
dicular to each other and are entirely mismatched. 
This results in a conventiona] welder being critical in 
adjustment, requiring long set-up time and considerable 
operator skill. 

These were the basic data that were desired. It was 
apparent that the same are voltage could be obtained 
in the are with several different are lengths. This 
showed that are voltage and current were really depend- 
ent variables depending upon wire feeding speed, and 
are length. 

It was then reasoned that if a welding generator for 
this process had an output curve that was also rising 
and matched the curve of constant are length, that no 
matter what the current needed to make the burn-off 
rate equal feeding speed, this current would be pro- 
duced automatically and at a constant are length. A 
generator was designed using this theory and was found 
to be entirely satisfactory. When the machine volt- 
ampere curve matches the are volt-ampere curve, as in 
Fig. 4, for a */\s-in. are length, the wire feeding speed 
could be changed from maximum down to minimum 
without changing are length at all! The arc length is 
adjusted by positioning the output curve higher or 
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FILLERARC OUTPUT CURVE 
FOR ARC LENGTH 


O wire reen 300 400 500 650 
Fig. 4 Fillerarc output curve for */\s5-in. arc length 


lower by means of a field rheostat which changes the 
open-circuit voltage. 

This type of machine also has a minimum of load 
drop-off compared to a conventional welder and is not 
affected by changes in primary line voltage. 

One major cause of load drop-off in a conventional 
motor-generator welder is the heating of the control 
fields. This results in a drop in open-circuit voltage 
and current output setting. This cause of load drop- 
off was practically eliminated by using two control 
fields in opposition to each other; thus heating effects 
on open-circuit voltage and output were effectively 
canceled out. 

Since it was necessary to make the new welder suit- 
able for all metals with this process, a comprehensive 
are voltage study was made for many different metals 
and different gas combinations to determine the range 
and slope of the common are volt-ampere curves. After 
plotting the data as in Fig. 2 for each combination of 
wire and shielding gas, the data were replotted in the 
form similar to Fig. 3. A few of the curves for different 
metals are shown in Figs. 5, 6 and 7, with only those 
curves for '/,-in. are lengths being shown for the sake of 
clarity. However, it is to be understood that each of 
these curves is one of a family of curves for different 
are lengths similar to Fig. 3. 

Using the data from these tests, the final design of the 
motor generator was then undertaken. In order to 
match the volt-ampere curves of the arc, it was found 
desirable to make the welding machine so cumulative- 
wound as to make it practically a series generator. 
Controls were supplied on the machine to select one of 
four different rising slopes and field control was pro- 
vided to raise the whole output curve up and down to 
change from one are length to another for different ap- 
plications. Four different generator output curves were 
needed to substantially match all the slopes of volt- 
ampere curves for different wire and gas combinations. 

The curves in Fig. 5 are plotted with the proper out- 
put curve of the welder matching the are curve. 
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Adjustment of the welder output slope is made by 
using a switch to select the proper cumulative series 
field tap so as to match the output of any are curve. 

Figure 5 shows how the output curve matches the 
curve for 0.030 aluminum !/,-in. are on Tap C. It also 
illustrates the adjustment of the output curve for a !/4- 
in. are for '/js-in. aluminum, using Tap A. By raising 
or lowering open-circuit voltage with the dial, the are 
length can be lengthened or shortened to suit the weld- 
ing conditions. Note how the steepness of the slope of 
the volt-ampere curve becomes less as the diameter in- 
creases. At the same time, it will be noted that as the 
wire diameter became smaller, the current density must 
be increased. The numbers at either end of the are 
curve are the current density in thousands of amperes 
per square inch. The range of current shown is that 
which is practical for proper welding. In each case the 
low current end is just above the dripping transfer point. 

Aluminum wire as small as 0.015 has successfully 
been used in welding tests in the laboratory. Very high 
wire feeding speeds, about 1000 ipm, are needed in order 
to permit sufficient current to flow, 50 amp, for proper 
arcing. At these currents '/-in. aluminum is readily 
welded. 


As in the tungsten are process, the are voltage when 
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100 200. 300 
Fig. 7 Miscellaneous volt-ampere curves 


using helium is higher than with argon and somewhat 
steeper. Mixtures of these gases result in a volt-ampere 
curve between that of argon and helium alone. 

The curve for stainless steel is shown in Fig. 6. The 
effect of mixing oxygen with the argon is to lower the 
volt-ampere curve and make it somewhat less steep. 
Oxygen-argon mixtures seem to produce more satis- 
factory welding results than pure argon when used on 
either straight or reverse polarity. If straight polarity 
is used with oxygen-argon mixtures, the are voltage 
curve is still lower, as shown in Fig. 6. 

In Fig. 7, curves are plotted for nickel, aluminum 
bronze and aluminum wire in argon gas. Comparing 
the same diameter wire, curves for aluminum and alu- 
minum bronze have about the same slope but different 
values of voltage. 

The operating technique in using this new motor- 
generator welder is to select the slope desired for the 
wire being used in accordance with a chart, shown in 
Table 1, supplied with the welder. A dial calibrated in 
are length is then used to adjust this factor. Figure 8 
illustrates how radically new this Fillerare welder is. 
It has no current calibration markings on the control 
dial at all! Current cannot be adjusted in this process 
by an adjustment of the welder—only by adjusting the 
wire feeding speed. 

In order to weld with the new Fillerare rising charac- 
teristic welder, all that is necessary is to feed the wire— 


Table 1—Welding Range Chart 


Oxygen Argon 
Wire Gas Argon Argon Oxygen 
diam, in. polarity reversed straight reversed 


0.030-0.040 Aluminum Not used Not used 
1/6 Aluminum 

3/59 Aluminum ! 

0.030-0.040 Steel alloys D 

1/16 Steel alloys J A 

3/39 Steel alloys A 

0.062 Aluminum bronze Not used Not used 
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Fig. 8 Dial of new fillerare welder 


the correct current will be automatically supplied to 
burn off the wire at exactly the rate it is being supplied. 
Furthermore, this new welder does this at a constant 
are length as the wire speed is adjusted (while welding, if 
desired) to give more or less heat to the are. Compared 
to a conventional welder, this new type self-regulat- 
ing welder requires less operator skill and cuts training 


time toa minimum. Much less experience is needed to 


set up new jobs because of the constant are length 
feature. Burn-back of the wire to the gun is practically 
impossible because of the very low open-circuit voltage 
and the remarkable dynamie characteristics of the 
welder. An operator can adjust wire feed all the way 
from maximum down to minimum, where dripping 
transfer takes place, without the necessity of making 
any supplementary are length adjustment on the welder. 
This would not be possible on any but a rising-charac- 
teristic generator. 

The basic fact learned in this investigation was that, 
for a constant are length, an increase of wire feeding 
speed resulted in more current and a higher are voltage. 
This fact holds true for all the combination of wire and 
gas investigated. 

Further work is in progress on very fine wires and in 
materials such as magnesium and titanium. 

The value of basie study of are processes is again il- 
lustrated in the design of this unique welder which prom- 
ises to remove the last barriers to the immediate ap- 
plication of a welding process of great potential. 


Development Fluxes for Automatic 


and Surfacing 


® Advantages of mixing properly formulated finely ground particles of flux in- 
gredients together with a proper binder and drying the resultant agglomerate 


by L. Kk. Stringham 


HF first step in the development of any automatic 
welding flux is to define the service for which the 
flux is intended and what it is supposed to do. 

Every man involved in flux development will 
probably have a slightly different idea as to what a flux 
is supposed to accomplish. However, probably all of 
them will include the following factors. 

Requirements of a flux: 


1. To deposit a weld metal of the desired properties. 
This may mean chemical or mechanical proper- 
ties or both. 

To deposit a weld bead of the desired shape in the 
joint being welded. 

3. ‘To deposit a bead which meets the above require- 
ments at the lowest possible cost. 


h K. Stringham is Chief Engineer of the Lincoln Electric Co., Cleveland, 
110 
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The earliest submerged are fluxes were made by 
mixing finely ground particles of minerals, iron oxide 
and ferro alloys. Although many miles of successful 
welds were made with such fluxes, many difficulties in 
welding were encountered. These included: (1) Raw 
materials were not uniform; (2) finely ground material 
did not flow well—it would pack and not properly 
protect the molten metal; (3) the variation in density of 
the different ingredients produced segregation in the 
flux resulting in nonuniform weld metal. 

The nonuniformity of the raw 
brought under control by the proper processing of the 
raw materials before mixing. However, the fineness 
and segregation remained a continual difficulty in the 
use of the submerged-are process. 

The next step in the development of fluxes was to 
overcome these difficulties of fineness and segregation 
by the fusion of the mixture prior to its use as a welding 
flux. After fusion, it was ground to the most desirable 
particle size. 

Through fusion of the mixture, the problems of 
particle size and segregation were completely overcome. 


materials was 
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The fused flux can readily be made uniform chemically ; 
ground to the desired particle size and is completely free 
of segregation because each particle is exactly the same 
density as every other particle. Fused fluxes have been 
applied very successfully in submerged are welding. 

A flux that has been fused and ground is not, however, 
a cure-all. The fact that it is fused prior to welding 
results in almost a complete chemical reaction between 
the ingredients during fusion. Properly formulated 
fused fluxes do an admirable job of producing the 
desired shape of bead in the joint being welded. How- 
ever, since it is almost chemically inert because of the 
fusion that took place during manufacture, it has very 
little control over the chemical and mechanical preper- 
ties of the weld metal. At best just a small percentage 
of alloy can be picked up by the weld metal from the 
flux. 

Mixing of ferro alloys into a fused flux during fusion 
is of no help because the ferro alloys oxidize during the 
fusion process. If the ferro alloys are mixed in the 
flux after fusion, segregation results as in the early 
mixed fluxes. 

Therefore, if fused flux is used, it is possible to supply 
only a limited amount of alloy through the use of a 
solid alloy electrode. Alloy rods have been successfully 
employed when the alloy content has been low enough, 
in the case of hardenable steels, to permit the steel to 
be drawn into a rod. 

In order to deposit alloys which cannot be drawn into 
rod, tubes were made of strip steel and these tubes are 
filled with metal powder of the proper analysis to 
produce the desired weld analysis. This is expensive 
and it is difficult to obtain a uniform weld deposit 
analysis. 

As previously mentioned, another shortcoming of the 
fused flux is its inability to act as a deoxidizer. The 
first fused fluxes actually depleted the manganese in 
the weld metal and it was necessary to use a high 
manganese wire to prevent manganese depletion. 
Some later fluxes did act as mild deoxidizers and did 
increase the manganese content of the weld metal. 
However, at best, the fused flux is not very effective as 
a deovidizer. 

In order to overcome some of the shortcomings of 
fused fluxes, flux development bhack-tracked to mixed 
fluxes. Mixed fluxes had the advantage of deoxidizer 
and alloy additions. If particle size and segregation 
could be controlled, they would have advantages over 
fused fluxes. 

Therefore, the main problems were: (1) To grind the 
individual ingredients fine for rapid chemical reaction; 
(2) to have the flux grains coarse so that the flux would 
flow well and could be handled easily; (3) To keep the 
various ingredients from segregating during shipment 
and use. 

All three of these problems would be licked if the 
individual particles could be mixed together, glued 
together and then the resulting mixture ground to the 
desired grain size for welding. 

These problems are now licked by agglomeration. 
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Fig. 2, Worn roll on left, surfaced roll before machining 
in the middle, surfaced roll after machining on the right 


Fig. 3 Bottom of the Banberry Mixer that has been hard 
surfaced with agglomerated flux. Plates are bent U- 
shaped after surfacing 


Surfacing Flux 


. Fig. 1 Setup for building up rolls from a pipe mill 
j 
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Agglomeration is the process of mixing the properly 
formulated finely ground particles together with a 
proper binder and drying the resultant agglomerate. 
The agglomerate is then ground to the desired size for 
submerged are welding. Each particle or grain of this 
agglomerated flux contains hundreds of the finely 
ground particles tightly held together with the 
agglomerating agent or binder. Each grain of flux 
contains the preprocessed minerals and deoxidizers in 
the proper proportion. Therefore, each grain is 
chemically like every other grain and they all have the 
same density. Therefore, there is no segregation. 
By the agglomerating process of making flux it is there- 
fore possible to include in the flux any minerals, 
materials, or alloys which can be ground. 

An added advantage was also discovered. The 
density and heat conductivity of the agglomerated flux 
are lower than that of fused flux. Therefore, less 
agglomerated than fused flux is melted per foot of weld. 
This results in lower flux consumptien and lower weld 
cost. By the use of agglomerated flux an entirely new 
field is open to the users of submerged are welding, the 
addition of deoxidizer and alloy in the weld deposit 
through the flux. An alloy deposit can be made using 
a mild steel electrode wire. 

Agglomerated fluxes to weld mild steel have been 
available for years and are widely accepted. In that 
field deoxidizers are added; but, of course, alloys are 
not. This paper will not discuss these mild steel weld- 
ing fluxes since they are not new. 

A new and rapidly expanding field for agglomerated 
fluxes is in hard surfacing. In this field mild steel 
electrodes in conjunction with fluxes containing some or 
all of the alloys of carbon, chromium, molybdenum and 
vanadium are most commonly used. 

The alloy addition is made to meet the requirements 
of the job. In one application the requirement will be 
to deposit the most wear-resistant deposit which can 
be machined. Two typical examples of this are shafts 
and rolls which must be machined after welding. In 
addition to being machinable, these deposits normally 
must be free of cracks. 

Figure 1 shows an installation using mild steel 
electrode and an agglomerated alloy flux being used to 
build up rolls from a pipe mill. 

Figure 2 shows a worn roll, a surfaced roll before 
machining and a surfaced roll after machining. 

Another application is a deposit which can be hot 
forged. This deposit can be made more wear resistant 
than the machinable deposit. However, the forging 
requirement necessitates a tough crack-free deposit. 
The plow share is a typical example of applications 
requiring forging after surfacing. Surfacing is now 
being applied to some new shares. 

Crawler tractor idle rolls is another common applica- 
tion. Exact dimensions are not important. Therefore 
machining or grinding is classed as an unnecessary 
expense on this application. However, a smooth and 
tough deposit is required. Smoothness and uniformity 
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of build-up eliminates the necessity of machining or 
grinding. ‘Toughness is required to keep it from spall- 
ing off in service. 


Fig. 5 Plates in position for welding showing the Twinarc- 
Spreadarc equipment used for depositing hard-surfacing 

bead with agglomerated flux 
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A rather unusual application of automatic hard 
surfacing is the manner in which the bottoms of some 
large mixers are being surfaced. As can be seen in 
Fig. 3, the bottom consists of two U-shaped sections. 
After surfacing these mixer bottoms in several ways, it 
was found that the most economical way was to surface 
a flat steel plate of the proper size prior to forming. 
The entire face of the plate was surfaced with the de- 
sired alloy. The plate was then formed to shape in a 
bend brake to the shape shown in Fig. 4. 

In order to surface these plates which were approxi- 
mately 3'/. by 4 ft, three concurrent developments 
were used: The agglomerated flux, the Twinare and the 
Spreadarc. I will just briefly point out their function 
in this application. Figure 5 shows them both in posi- 
tion to surface the plate. 

The two wires are fed through the same head at the 
same speed and are supplied from a common power 
source. Two wires are superior to one because when 
placed side by side as in this application, they will 
produce a wider bead at a higher speed and with less 
penetration than can be obtained with one arc. 


Fig. 6 Shows equipment setup for surfacing plates 


Fig. 7 Finished plate prior to forming 
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The Spreadare simply oscillates the two wires back 
and forth at right angles to the direction of travel. 
This further increases the width of bead, decreases the 
penetration, increases the speed and decreases the cost. 

The oscillation of the Spreadare is adjustable to 
produce an oscillation from 0 to more than 3 in. On 
this particular application the width of each bead was 
between 3 and 4 in. Over 3 in. can be obtained when 
using the Twinare. It was desirable to deposit the 
most wear-resistant bead which could be formed with- 
out excessive cracking. Since the mixer bottom is not 
subject to impact during use, some cracking was not 
harmful. 

Figure 6 shows the automatic head with the Twinare 
and Spreadare and the fixture. The fixture was made 
only rigid enough to keep distortion of the plates from 
interfering with the surfacing operation. Since the 
plate was to be formed after welding, no attempt was 
made to obtain minimum distortion. 

Figure 7 shows the finished surface plate prior to 
forming. 


Fig. 8 Setup for surfacing scraper blades with agglomer- 
ated flux 


Fig.9 A pile of finished scraper blades 
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Fig. 10) A roll of Raymond Boul Crusher 

New scraper blades are now being surfaced with the 
combination of agglomerated alloy fluxes, Twinare and 
Spreadare. 

Figure 8 the setup in the process of surfacing a 
scraper blade with the combination Twinarc, Spreadarc 
and agglomerated flux. 

Figure 9 a pile of the finished blades. The blades 
are clamped during welding and the distortion is so little 
that no straightening is required. 

Figure 10 shows the roll of a Raymond Bowl Crusher 
which has been hard surfaced. In service this is sub- 
jected to severe abrasion. 

The above are just a few of the applications on which 
agglomerated surfacing fluxes are being used. 

One surprising result being obtained with automatic 
surfacing with the automatic and agglomerated fluxes is 
that more wear is being obtained for a given alloy 
content of the weld deposit than has been obtained from 
previous deposits. The only apparent reason is the 
uniformity and smoothness of the deposit. With a 
uniform analysis and smooth surface there are no 
weak points at which the wear starts. 

This result in the permissible use of a lower alloy 
content deposit which has the advantage of being 
tougher, more crack free and lower cost. In addition 
with the use of a lower alloy it is possible to resurface 
the part many times. When high alloys are used 
severe cracking and spalling are frequently encountered 
when the part is surfaced the second time. When this 


Fig. 11 Comoarison of agglomerated and fused fluxes. 
Black particles are fused, others are agglomerated. te- 
tual size of particles is approximately the size of a pinhead 


occurs the part must be scrapped or the expensive 
operation of removing the remaining surfacing material 
must be resorted to. 

Although the development of agglomerated fluxes is 
still im its infaney it has already opened new doors to 
automatic welding. With the use of mild steel elec- 
tredes, weld deposits of mild steel, low-alloy, high- 
tensile and surfacing alloys are being made by the use cf 
agglomerated fluxes. 

Where the alloy content is low and can be included in 
the electrode, it is still normally cheaper to use a mild 
steel electrode and put the alloy in an agglomerated 
flux. Where the desired alloy content is so high that it 
‘cannot be put into a drawn wire, the use of a mild steel 
electrode and an agglomerated flux with alloy is cheaper 
and the deposit is more uniform than can be obtained by 
other means. For the present, at least, tungsten 
‘varbides are not being widely deposited by the sub- 
merged arc. Up tothe present, these deposits are most 
successful with the open are. 

However, the surface has just been scratched. In 
the future, present application will be welded at lower 
cost, and many new applications will be developed. 
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Brazing for Corrosion-Resistant 


Joints in Stainless Steels 


® The limitations of silver brazing alloys with respect 
to Type 430 stainless steels have been discussed 


by George H. Sistare, John J. Halbig 
and L. H. Grenell 


Synopsis 


Nickel-free silver brazing alloy joints on nickel-containing 
stainless steels have long been known to have little or no corro- 
sion resistance when subjected to harshly corrosive, saline solu- 
tions. Nickel-containing silver brazing alloys were developed to 
meet these conditions. However, in the case of the nickel-free 
stainless steels, nickel-free silver brazing alloy joints are not re- 
sistant to mildly corrosive media, such as humid air or flowing tap 
water; even the conventional nickel-containing silver brazing 
alloy joint is not completely resistant. Evidently, a corrosion- 
resistant bond on nickel-free stainless steel depends upon the 
deposition of a nickel-rich layer from the brazing alloy over the 
entire area covered by the brazing alloy. Very few of the 
feasible nickel-containing silver alloys investigated can produce 
a complete deposit of this sort; but at least one type has been 
developed that will. The separation process appears to be a 
form of crevice corrosion that results from imperfections at the 
edge of the brazing alloy fillet. This in turn stems from oxvgen- 
concentration cell activity in the presence of moisture. 


INTRODUCTION 


BOUT a quarter of a century ago, when silver 
brazing alloys were just beginning to be used as 
they are today and stainless steel was a relatively 
new metal, it was thought that galvanie corrosion 

might be a troublesome factor in silver alloy brazed 
steel and stainless steel assemblies. Yet, a series of 
tests produced no evidence of galvanic corrosion, and 
the percentage of corrosion failures in innumerable 
silver brazed units of all types has since proved to be 
infinitesimally small. Two kinds of corrosion were 
encountered. The first was the failure of the bond 
between nickel-free silver brazing alloys and nickel- 
containing stainless steel in severe chloride corrosion; 
the second was the dissolving of the silver brazing alloy 
from all types of stainless steel joints during the 
passivating of brazed assemblies with nitric acid. For 
the first, there was a simple and satisfactory remedy: 
George H. Sistare is Research Metallurgist, Handy & Harman, Bridgeport 
Conn.; John J. Halbig is Research Engineer, Armco Steel Corp., Middle- 
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the use of nickel-containing silver brazing alloys. For 
the second, the remedy is to passivate before, not after, 
brazing. 

The shortage of nickel and the general substitution of 
nickel-free stainless steels for the nickel-containing 
alloys have complicated the brazing situation enor- 
mously. Thus, the bond between a nickel-free silver 
brazing alloy and a nickel-free stainless steel may fail 
in a few days in innocuous corrosion media, such as 
humid air or running tap water. Furthermore, the 
bond between a typical nickel-containing silver brazing 
alloy and a nickel-free stainless steel undergoes some 
peripheral corrosion in the same media. True, this is 
not likely to be destructive, but it is unsightly. It also 
can be exaggerated by brazing techniques which en- 
hance the liquating tendencies of silver brazing alloys 
of this type. 

During the last two years, it has been demonstrated 
that a completely corrosion-resistant bond between a 
silver brazing alloy and a nickel-free stainless steel 
depends on the deposition of a fairly uniform layer of 
nickel-rich constituent from the brazing alloy over the 
entire surface of the stainless steel covered by the braz- 
ing alloy. This nickel-rich constituent alloys with the 
stainless steel during the brazing eycle and forms a 
corrosion-resistant, nickel-rich interface between the 
brazing alloy and the stainless steel. The problem has 
been to develop a silver-brazing alloy that can produce 
such an interface and, at the same time, can make a 
sound joint at a reasonably low temperature. 

In seeking a solution to the problem the three labora- 
tories of the respective authors have cooperated in 
investigating practically all of the factors which might 
or might not have been expected to affect the corrosion 
resistance of the bond. But, most of these—surface 
condition of the stainless steel before brazing, fluxes 
used, type of joint, brazing technique, and treatment of 
the joints following brazing—were insignificant or 
impractical. The search finally narrowed down to a 
quest for the particular type of silver brazing alloy 
required to do the job. Therefore, this report will deal 
mainly with the nature of silver brazing alloys and the 
nature of the silver brazing alloy bond on stainless steel. 
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THE NATURE OF SILVER BRAZING ALLOYS 


All silver brazing alloys may be considered to fall into 
one of three categories: 
Type 100-——Alpha, and/or, Alpha-Beta, Copper-Base 
Alloys. 
Type 200—Eutectiferous, Copper-Silver Base Alloys. 
Type 300—Alpha, and/or, Alpha-Beta, Silver-Base 
Alloys. 
The three types are amply illustrated by the 40 com- 
positions listed in the Tabular Survey, which includes 
the flow point of the alloys together with a brief descrip- 


tion of their fluidity and the corrosion resistance of their 
joints on nickel-free stainless steel. So far as possible, 
the general discussion that follows will be in terms ot 
types rather than specific compositions. Furthermore, 
it will be largely confined to a description of the results 
obtained with practical brazing techniques. 

The alpha, and/or, alpha-beta, copper-base alloys 
(Type 100) examined include alpha, and/or, alpha- 
beta, copper-zine alloys, an alpha-beta, copper-tin-zinc 
alloy (Tobin Bronze) and alpha-beta, copper-silver- 
zine alloys. These solid solution alloys are all fluid on 
stainless steels and the high temperature (1600° to 


Tabular Survey 


Corrosion 


—- - ——Composition, %——____—- Flow point, Fluidity resistance on 
No. Ag Cu Cd Mn Sn Zn Ni ut on 430" “430” 
Alpha, and/or, alpha-beta type, copper-base alloys 
110¢ 60 40 1655 Good OK 
113a 47 42 11 (1700) Good OK 
120a 9 53 38 1565 Good (?) 
c 30 38 32 1410 Good NG 
123a 40 26 , 32 2 1350 Good NG 
Eutectiferous type, copper-silver base alloys 

210a 7 28 1435 Very poor NG 
213a 70.6 7.4 2 (1480) Poor* NG 
220a 61 34 5 1410 Good NG 
3 (1370) G NG 

(1445) 10 


3 7 

15 3 3 (1475) Good OK 
5 23 1285 Good NG 
5 i 23 2 (1350) Excellent NG 
5 17 1205 Good NG 

: ia 2.7 5.3 2 1390 Poor (?) 

b 57 23 a 3 15 2 (1325) Good NG 

Alpha, and/or, alpha-beta type, silver-base alloys 
320a 85 15 1760 Good OK (?) 

330b 75 25 1345 Good NG 
333¢ 74 25 1 (1355) Good NG 
d 73 25 2 (1375) Good NG 

e 70 25 5 (1425) Fair* (?) 
353b 75 ; re es 3 20 2 (1400) Good (?) 


Nortes: 

da flow point figures within parentheses indicate approximate 
values. 

The asterisk in connection with the fluidity denotes a strong 
tendency toward liquation. 

The 40 brazing alloys listed represent about 40% of the total 
number of alloys that were investigated. In classifying their 
joints on Type 430 as “NG,” “(?),” “OK (?)” and “OK,” the 
following procedure was generally employed: (1) Spreading 
test bonds of the type illustrated were considered to be “NG,” if 


(a) The bond failed in 5 to 10 days in flowing tap water. 

(b) The 5- to 10-day crevice was of the type that would fail 
on longer exposures. 

(c) Extreme measures such as pet heating during braz- 
ing were not distinctly beneficial and did not (in the 

case of the nickel-containing alloys) result in a suitable 

nickel-rich deposit. 
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(2) Similar joints were classified as ‘‘(?),”’ if they were ordinarily 
“NG,” but were susceptible to improvement by prolonged heat- 
ing at elevated temperatures. From a practical point of view, a 
joint of this sort is as objectionable as a joint of the first type. 
(3) The “OK (?)” bonds were those which underwent partial 
corrosion, but did not fail, when brazed in a conventional manner. 
Considerable attention was devoted to joints of this kind in 
order to determine the effect of brazing variations upon their 
corrosion resistance. A requirement for slow brazing at high 
temperatures is almost as objectionable, practically speaking, as 
extensive corrosion following quick brazing at low tempera- 
tures. (4) An “OK” signifies that no corrosion took place ex- 
cept for very limited peripheral attack following very quick 
brazing at very low temperatures. 
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: 
a 
Nes 
oe 230a 60 30 y 10 1325 Poor NG 
ek 233b 63 28.5 6 2.5 (1475) Poor OK 
beh g 60 28 10 2 (1400) Poor OK 
a 240a 25 52.5 af 22.5 1575 Good* NG 
fare c 45 30 25 1370 Good* NG 
cs d 60 25 15 1325 Good NG 
a 243a 40 30 28 2 1435 Good* OK (?) 
2 b 40 30 25 5 1560 Fair OK (?) 
e 65.1 27.9 5 2 1420 Poor (?) 
a g 61.6 26.4 10 2 1375 Fair NG 
es h 60 16 22 2 1280 Good NG 
250a 35 26 18 21 1295 Good* NG 
Pe b 50 15.5 18 16.5 1175 Good NG 
ae c 45 15 24 16 1145 Good NG 
; 253a 50 15.5 16 i" 15.5 3 1270 Good* OK (?) 
ae b 50 13 13 21 3 1205 Good (?) 
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Fig. 1 1-x 1-in. Type 430 specimens. 


1700° F) alloys, which contain no silver and no nickel, 
form completely corrosion-resistant bonds on nickel- 
free stainless steel. Substitution of silver for copper, 
however, gradually destroys the corrosion resistance of 
the bond. The rate at which it does so is roughly 
proportional to the amount of silver involved. Silver- 
free alloys have melting temperatures too high for many 
practical applications. 

The eutectiferous copper-silver base alloys (Type 200) 
listed in the Tabular Survey are but a small part of the 
large number of copper-silver base alloys that retain the 
essential features of the basic, eutectic system. How- 
ever, they include representative samples of most of the 
common silver brazing alloys together with a con- 
siderable number of selected experimental compositions. 
Since none of the nickel-free alloys form corrosion- 
resistant bonds on nickel-free stainless steel, the list of 
nickel-free compositions is a fairly complete roster of 
bad examples. 

Cadmium, manganese, tin and/or zine do have some 
influence on the rate of corrosion of the basic copper- 
silver bond on nickel-free stainless steel. In general, 
the rate of corrosion is roughly proportional to the 
quantity of these elements present, alone or in combina- 
tion: yet percent for percent the rate increases as 
cadmium is replaced by tin, tin by manganese and 
manganese by zinc. This, as it happens, is about the 
same order in which the four elements stand in relation 
to increasing the wetting of the basic copper-silver alloys 
on stainless steels. Curiously enough, the amount of 
silver present in relation to the amount of copper in the 
eutectiferous range appears to have no definite effect 
upon the corrosion rate. This is a marked departure 
from the way in which silver accelerates the corrosion 
of the alpha-beta alloys (Type 100). 

Among the alpha and/or alpha-beta, silver-base alloys 
(Type 300) examined were three alpha alloys (alum- 
inum-silver, manganese-silver and silver-zinc) plus a 
number of alpha-beta alloys (silver-zinc, copper-silver- 
zine and silver-tin-zinc). Of these solid solutions, only 
the aluminum-silver (5% Al: Flow Point 1560° F) 
formed a completely corrosion-resistant bond. The 
manganese-silver bond underwent partial corrosion and 
the alpha-beta bonds all failed. The cost, flow tem- 
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(Left) Bent after brazing: (right) bent after exposure 
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perature and drossiness of the silver-aluminum alloy 
disqualify it as a general purpose solution. 

The role of nickel in these alloys (the three basic 
types) is elusive, since it is a remedy whose efficiency 
varies from 0 to 100°. To illustrate the point, the 
nickel in the nickel-containing alloys in the Tabular 
Survey may be considered to be completely ineffective, 
partially effective or completely effective: 


Completely ineffective: 
Ag-Cu-Zn: Ni (123a) 
Ag-Cu: Ni (213a) 
Ag-Cu-Zn: Ni (243e, g and h) 
Ag-Cd-Cu-Zn: Ni (253b) 
Ag-Cu-Mn-Zn: Ni (273a) 
Ag-Cu-Sn-Zn: Ni (283a and b) 
Ag-Zn: Ni (333c, d and e) 
Ag-Sn-Zn: Ni (353b) 

Partially effective: 
Ag-Cu-Mn: Ni (223a) 
Ag-Cu-Zn: Ni (243a and b) 
Ag-Cd-Cu-Zn: Ni (253a) 

Completely effective: 
Ag-Cu-Mn: Ni (223¢) 
Ag-Cu-Sn: Ni (233b and g) 
Ag-Cu-Mn-Sn: Ni (2638a) 


The reasons for the erratic behavior of nickel are not 
fully understood, but apparently they derive from 
variations in the form in which the nickel is present in 
the brazing alloy; and from variations in the ease with 
which the nickel in the brazing alloy can migrate to, and 
alloy with, the nickel-free stainless steel. From this 
point of view, a nickel-rich constituent is to be pre- 
ferred to one in which the nickel is highly diluted. The 
richer it is the better it will behave. This is the reason 
why 243b joints corrode less than 243a joints and it is 
one of the reasons why 233b and 233g joints are almost 
immune to corrosion. 

Another factor that plays a vital part in the per- 
formance of the nickel-containing alloys relates to the 
amount of nickel available in the usual very thin edges 
of a silver brazing alloy fillet. This is simply a question 
of the amount of nickel available in a given amount of 
brazing alloy, but it is complicated by the fact that 
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almost all the brazing alloys having nickel-rich con- 
stituents of the right sort liquate during brazing. 
Thus, the alloy that runs out to the edges is deficient in 
nickel because it has run away from the nickel. Alloys 
233b and 233g which do not flow anywhere near as well 
as most silver brazing alloys, and do not form thin 
edges, probably owe a large part of their immunity to 
corrosion to their poor fluidity. 

Odds and Ends. 
should be put into the record. One additional silver 


A certain number of odds and ends 


alloy, the germanium-silver eutectic, was tried and 
found wanting. So were minor additions of alumimum, 
lithium and phosphorus to conventional Type 200 
alloys. Zine and 95-5. tin-antimony soft-soldered 
joints did not corrode. 


THE NATURE OF THE SILVER BRAZING 
ALLOY BOND ON STAINLESS STEEL 


Except for their extremely limited resistance to 
corrosion in the presence of moisture, the nickel-free 
stainless steel joints formed by nickel-free silver brazing 
allovs are equal in every respect to those formed by the 
best of the nickel-containing alloys. They have the 
same strength in tension and shear, the same = ad- 
hereace on bending and the same resistance to tearing 
(on chiseling the alloy off the steel or on tearing the 
joint apart). Furthermore, there is no evidence that a 
“crevice” such as is shown in Figs. 3 and 5 exists before 
removel of the flux with hot water and the copper- 
plating of the specimen. Moreover, if a submicro- 
scopic crevice or imperfection is present at the edge of a 
nickel-free fillet, it is entirely probable that a similar 
defect exists at the edge of a nickel-containing fillet. 

When a silver brazing alloy which does not produce 
a nickel-rich deposit is applied to a ferritic stainless 
steel in the usual manner, quickly and just above its 
flow point, very little diffusion oecurs and the joint 
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Fig. 2 Cross section of an alloy 250c fillet on Type 430 stain- 
less steel at a location toward the center of the fillet 
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corrodes. The diffusion zone is difficult to detect in 
this instance and it has not been proved that diffusion 
occurs in longer periods at higher temperatures. The 
fact is, however, that the corrosion rate apparently 
decreases in proportion to the time at temperature and 
the temperature interval above the flow point. There- 
fore, the corrosion rate is probably inversely pro- 
portional to the depth of the diffusion zone. 

This method of reducing the corrosion rate is im- 
practical and there is no evidence, to date, that corro- 
sion can actually be eliminated in this manner. A 
much simpler and more reliable alternative is the 
deposition of a nickel-rich interface. This involves 
migration in addition to diffusion and it is somewhat 
surprising that it takes place as fast as it does. A good 
nickel-containing alloy will function as it is supposed to 
in anything except a very short brazing evele. 

A series of seven plates was prepared to illustrate the 
character of the bond obtained with typical nickel-free 
Figure | 
shows two standard corrosion specimens (Alloy 250c), 
one of which was bent before and the other bent after 
Figures 2, 4 and 6 reveal the typical struc- 
ture of the bond area at the center of the fillet on similar 
specimens (Alloys 250c¢, 253a and 233g) and Figs. 3, 5 
and 7 show the structure at or near the edge (Alloys 
250b, 253a and 233b). The nickel-rich deposit may be 
clearly observed in Figs. 4, 6 and 7 but is absent, or 
nearly so, in Fig. 5. The part of 253a shown in Fig. 5 
is actually the part that has liquated or run away from 
the part left behind in Fig. 4. 


and nickel-contaming silver brazing alloys. 


Corrosion. 


DETAILS 


Nickel-Free Stainless Steels Investigated 


Type 430 stainless steel was actually used for most of 
the tests, but check runs on Types 408, 410, 483071 and 


Fig. 3 Edge of an alloy 250b fillet after washing in tap 
water and copper-plating to aid micro preparation 
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446 stainless steels indicated that all straight chromium 
steels are vulnerable. 

Besides the Type 430 joints, quite a large number of 
Type 430-to-copper specimens were examined because 
this combination of metals is of special interest to the 
refrigeration industry. In general, the presence of the 
copper did not seem to have any definite effect on the 


corrosion of the Type 430 bond. 


Preparation of the Stainless Steel Prior to Brazing 


Two aspects were considered, the nature of the 
surface of the Type 430 and the effect of copper and 
nickel plate on a Type 430-to-copper assembly. The 
nature of the surface did not appear to have any effect 
upon the results because rolled, ground and_ pickled 
surfaces behaved in exactly the same manner. 

In plating experiment (a) copper was plated on the 
Type 430 component, in (b) nickel was plated on the 
copper, in (¢) nickel was plated on the Type 430 and in 
(¢/) nickel was plated on both components. The results 
were inconclusive, since (a), (hb) and (d) corroded but 
(ec) did not. 
heavy nickel plate on the Type 430 might be effective. 


It seems likely, however, that an adherent 


Fluxes Usedin Brazing 


A considerable number of commercial fluxes were 
used together with a number of experimental varieties. 
With the exception of the fluxes to which nickel powder 
and nickel fluoride were added in an attempt to deposit 
nickel from the flux, none of the fluxes had any effect 
upon the results. Moreover, the nickel-bearing fluxes 
were of so little benefit that they were abandoned soon 


after they were first investigated. 


Types of Joints 


Experimental spreading test specimens (see Fig. 1) 
and butt seam joints were used in addition to typical 
laboratory size, tee, lap and = flanged joimts. The 
spreading test specimen, often used to evaluate the 
fluidity of brazing alloys, was extremely useful, since it 
exaggerates the spreading of a brazmg alloy.  There- 
fore, it enhances the corrosion tendencies and makes an 


excellent corrosion detector. 


Brazing Techniques 


Most of the specimens were torch brazed, although 
many were furnace brazed in air and in hydrogen. The 
brazing alloys were first applied in the usual manner at 
temperatures 25 to 50° F above their flow’ points. 
Then, the rate of heating was varied to exaggerate 
liquation (slow heating) or to minimize it (fast heating). 
Finally, extended brazing periods and higher brazing 
temperatures were investigated in an attempt to im- 
prove the alloying characteristics of the brazing alloys 
which did not deposit a nickel-rich interface. The 
results have been discussed in the preceding sections. 
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Fig. Center of an alloy 253a fillet on Type 430 stainless 
steel showing the presence of a nickel-rich deposit at the 
interface 


Treatment of the Joints Following Brazing 


Stress relieving, grinding or sandblasting, electro- 
solder flushing 


polishing, electroplating and soft 
(95Sn — 5Sb) were among the factors investigated. Of 


these, only the last, the soft solder coating, was at all 


effective. However, removing the vulnerable edges of a 


joint with a nickel-bearing brazing alloy, such as 2538a, 


does eliminate peripheral corrosion. 


Corrosion Testing 


A humid atmosphere, running tap water, a stagnant 
4°), NaCl solution and a 5°; (NaCl) salt spray were 
Later, after the corrosive 


used in the early stages. 
character of running tap water had been thoroughly 


demonstrated, it became the accepted standard; it is 


q 


Fig. 5 Edge of an alloy 253a fillet after washing in tap 
water and copper-plating to aid in micro preparation. 
Note the absence of an appreciable nickel-rich deposit 
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more corrosive than a humid atmosphere. Exploratory 
tests usually ran five days, but specimens that survived 
the five-day test have been run as long as a year or 
more. 

The first sign of corrosion in running tap water is the 
appearance of one or more red rust spots at the edges of 
the brazing alloy. This may occur in a few minutes or 
a few days. Subsquently, as the corrosion proceeds, 
the spots grow into a rust segment which may or may 
not enclose the entire periphery of the brazing alloy. If 
the bond is completely destroyed thereafter, the braz- 
ing alloy and the stainless steel may part company in the 
tap water. If it is not, owing to insufficient time or 
because the bond is one that does not corrode com- 
pletely, the extent of the corrosion can be evaluated at 
any given time by merely bending the stainless steel 
away from the brazing alloy and observing to what 
extent the fillet lifts off the stainless steel. 


THEORY OF FAILURES 


The destruction of the bond and the accompanying 
slight corrosion of the nickel-free stainless steel under 
the silver brazing alloy, when the stainless steel is not 
coated with nickel from the brazing alloy cannot be 
explained in a simple manner. If galvanic corrosion 
were the cause, visible etching or pitting should occur on 
the surface of one of the dissimilar metals near the 
interface, and, outside the joint. This does not take 
place. Instead, the joint separates due to action at 
and beneath the interface. \.oreover, if galvanic 
corrosion were responsible, it would be reasonable to 
assume that joints made of carbon steel would certainly 
be affected. Yet steel joints were found to be sound 
after exposure to flowing tap water for more than a year, 
this despite the fact that the steel was a mass of rust 
outside the joint area. 


Fig.6 Center of a fillet typical of alloy 233g on Type 430 
stainless steel showing the presence of a pr her rs con- 
stituent at the interface 
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Fig.7 Edge of an alloy 233b fillet showing the presence of 
a nickel-rich deposit at the edge 


The manner in which the joints corrode in such 
media as flowing tap water points to the phenomenon 


of crevice corrosion. In this instance, however, the 
only crevices available are the minute imperfections at 
the outer edge of the brazing alloy. In addition, 
imperfections of this sort are bound to be present in all 
fillet edges, including the edges which do not corrode as 
well as those which do. 

The mechanism of the crevice corrosion process might 
be described in this manner. If the area under an 
imperfection is depleted of oxygen, becoming anodic, 
the infinitely greater area outside is relatively oxygen- 
rich and cathodic. This means that an oxygen- 
concentration cell could be set up. Once this cell began 
to function, the stainless steel on the inside would be in 
an active condition, whereas the metal on the outside 
would be passive. Then the oxygen concentration 
differential and the potential between the active and 
passive stainless steel might provide the energy needed 
for the growth of a crevice from an imperfection. 
Under these conditions any iron going into solution 
within the crevice would be present in the form of 
ferrous ions, which are soluble. As these ions migrate 
to the mouth of the crevice, ferric hydroxide would be 
formed, which would then precipitate as red rust. 

This hypothesis may have its weaknesses, but it 
describes the phenomena accompanying the separation 
of joints very aptly. The first evidence of corrosion is 
usually the appearance of one or more rust spots around 
the periphery of a fillet. These develop into rust 
segments that may join up with other segments or may 
develop independently. The presence of a nickel-rich 
interface seems to inhibit the progress of an expanding 
crevice, for joints made with silver brazing alloys that 
provide a nickel-rich interface over most of the area 
covered have withstood running tap water for more than 
a year. This appears to be so even though a rusted 
crevice existed at their edges inside of a few days. 
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CONCLUSIONS 


If at times this report seems to be an attempt to 
describe the behavior of a tray full of fleas, the re- 
After all, the fundamental purpose 
of a brazing alloy is to make a joint. When the 
brazing alloy must flush one of the joined members with 
a particular constituent while the joint is being made, 
its joining characteristics are apt to suffer from it. 


semblance is apt. 


Two silver brazing alloys have been developed which, 
so far, make joints on nickel-free stainless steel com- 
pletely resistant to tap water corrosion. They are 
relatively high temperature alloys and are much less 
fluid than conventional silver brazing alloys. Still, 
joints can be made with them and the 1475-1500° F 
alloy (233b) can be supplied as strip or wire. The 
1400-1425° F alloy (233g) is only available in powder 
form. 

Present alternatives to the two special alloys just 


described are three standard alloys: 243b (flow point 
1560° F), 253a (flow point 1270° F) and 243a (flow 
point 1430° F). Joints made with these alloys will 
corrode to some degree, but the depth of the corrosion 
penetration may be decreased by avoiding liquation, 
extremely short brazing cycles and underheating. 
Furthermore, 243b joints will corrode less than 253a 
joints, and 253a joints less than 243a joints. 

Two other methods are to nickel plate the stainless 
before brazing (not fully investigated) or to soft-solder- 
flush the joints after brazing (proved). 
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perations 


ISTER Wheeler Corp., manufacturers of heavy 
equipment for steam power plants, oil refin- 
eries and process industries, has begun limited 
operations at a new plant in the rapidly growing 

industrial region of Mountaintop, Pa., 9 miles south of 
Wilkes-Barre, it was announced recently by Earle W. 
Mills, President. Due to the need for training new 
personnel, full operation of the plant did not occur until 
Jan. 1, 1954. 

Equipped with the most modern fabricating tools, 
the five million dollar plant will turn out pressure 
vessels of varying proportions, including some of the 
largest and heaviest in demand. Part of an eight 
million dollar expansion and retooling program begun 
three years ago, the new plant will also help to relieve 
heavy manufacturing schedules at the corporation’s 
other plants in Carteret, N. J., Dansville, N. Y., and 
St. Catharines, Ontario, Canada. 

Among its major tools will be an 8000-ton hydraulic 
beam press weighing over three million pounds and 
said to have an effectiveness in bending steel plate-—hot 
or cold—seldom before equaled. Largest of its type 
yet made, the press is capable of bending plate 8 in. 
thick, and (in the case of lighter plate) 40 ft long into 
half-shells which, when welded together, will form 
pressure vessels of the unusual proportions required for 
the higher pressures demanded by various industries. 
It was built by Baldwin-Lima-Hamilton of Phila- 
delphia, Pa. 

Another outstanding tool will be a 2,000,000-v Van de 
Graaff X-ray generator capable of penetrating steel 12 
in. thick. The machine will photograph weld metal 
with unprecedented clarity of detail, exposing any 
minute flaws that may occur in the metal. Using fewer 
and shorter exposures, it will perform its work in con- 
siderably less time than conventional X-ray equipment. 

Manufactured by High Voltage Engineering Corp. of 
Cambridge, Mass., the generator was originally de- 
veloped for cancer research, and later adapted for in- 
dustrial use. It was put to its first practical test by the 
U.S. Navy during World War II to determine construe- 
tion details of enemy ordnance. 

To guard against the possibility of escaping rays 
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from the powerful machine, it will be housed in a 
fortress-like structure, with walls of reinforced concrete 
4 ft thick, and removed 550 ft from the main plant. 

Other special tools that will make up the new plant, 
although basically similar to many used in other steel 
fabricating plants, are unique in their capacity to per- 
form monumental operations, or in their ability to per- 
form familiar tasks automatically, and more efficiently. 
Among these are: 

1. A new system of automatic shielded-are welding 
whereby vessels up to 8 in. thick and 12 ft in diameter 
may be welded at speeds considerably greater than in 
single-wire welding. 

2. A plate-handling device that positions, accu- 
rately and without appreciable loss of metal tempera- 
tures, the huge slabs of preheated steel that will be 
formed in the beam press. 

3. A series of mobile, high-speed radial drills that 
may be stationed anywhere along a 230-ft stretch of 
raised track. The drums to be drilled may be placed 
on either or both sides of the drill platform. The 
arrangement makes possible the use in combination of 
as many as six drills on a single cylinder. (Considering 
that the length of drilling time required in special opera- 
tions may represent up to 25°; of total fabrication time, 
it is apparent that a drill arrangement such as this one 
would result in a substantial lowering of drilling time, 
and also permit better utilization of the tools, regardless 
of the size of vessels to be processed. ) 

The plant stands on a 130-acre tract at the crest of a 
mountain in the Wyoming Valley, an industrial region 
favored by good rail transportation, proximity to steel 
and other materials sourees and an availability, for the 
present time, of skilled labor. The area was recently 
hard hit by male unemployment due to the closing of 
some of its coal mines. However, this situation has 
improved recently, as new industries have moved into 
the Valley. When in full operation, the Foster Wheeler 

plant is expected to employ around 500 men. 

Among the products to be fabricated are such varied 
equipment as heat exchangers for nuclear power; 
sections of oil towers and pressure vessels weighing over 
100 tons, and equipment for jet engine regenerators, 
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Fig. 1. Artist’s view of interior of the new five million dollar Foster Wheeler plant at Mountaintop, Pa., showing many 
of the unique machines that will process pressure vessels of unusual proportions 


Shown in this drawing (left to right, back row) are: an 8900-ton beam press, plate edge planer, overhead cranes, double housing planer, automatic 
welding machines, and drum facing machine. In the foreground (left to right) are: a 500-ton crimping press, 144-in. vertical boring mill, pinch-type 


bending roll« and high-speed radial drills. 


some of the latter weighing as much as 140. tons. 


PROCESSING A TYPICAL 125-TON PRESSURE 
VESSEL 

Steel is delivered to the plant by rail from the steel mill 
in sets of four plates, 28 ft 3 in. x 9 ft 6 in. x 4°/, in. 
thick, which are stored in racks opposite the beam press. 
The first step in the processing is to preheat the plates 
in a normalizing furnace, where temperatures as high 
as 2100° F are available. Several plates can easily be 
placed in the furnace, which has inside dimensions of 
45'/.ft x 16 ft x 7'/.ft high. <A flat car lined with fire- 
brick, and designed to carry a 200-ton load, is run into 
the furnace. After heating, the plates are carried to 
the beam press, where they are lifted from the car by an 
overhead crane and placed on the dies. 

A built-in plate-handling device positions the hot 
steel easily and accurately, so that there is a minimum 
loss of metal temperature and accuracy to within a 
fraction of an inch. The huge press then exerts its 
8000 tons of pressure to form a half cylinder of the steel 
plate. 

After the four plates are formed into half cylinders, 
they are moved into the shot blast room immediately 
adjacent to the beam press. Two of these units can be 
accommodated at the same time on the 50-ton car. In 
this room the shells are subjected to a blast of metallic 
particles which knock off all scale formed by the heat- 
ing and pressing operation. The metallic particles 
(similar to ‘“‘bee-bee”’ shot) are recovered for use at a 
later time, after being cleaned in the dust collection 
equipment. 

The half cylinders are then moved to a bed planer for 
machining welding grooves along both edges of the half 
shells. Another tool of unusually large proportions, 
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the bed planer has a table travel area of 44 ft, over-all 
bed length of 92 ft and width (between housing ends) of 
122'/,in. When the planing is complete, the four shell 
sections are then assembled to form two cylinders, each 
72 in. ID and 28 ft 3 in. long. This assembly is 
accomplished by tack welding and by attaching a back- 
ing strip under each welding groove. ‘Test plates are 
then attached to each cylinder, and welded at the same 
time as the long seams. ‘These test plates are later 
subjected to a series of severe tests. 


The two cylinders are then moved to the automatic 
welding machines, where submerged are d-c current 
and automatic flux recovery welders traveling along : 
150-ft track deposit weld metal in the long seams. 
When the grooves have been filled with weld metal, 
the backing strip is removed and the inside seams are 
chipped and welded, to make a perfect union of the 
metal in the sections of plate. 

The cylinders are then moved to the drum-end facing 
machine, where a similar type of welding groove is 
machined into each circular end of the cylinder. This 
drum-end facing machine has a 98-in. diam swing 
facing head. The horizontal movement of the facing 
head is 24 in., although only about 4 in. is required in 
the operation. The dished heads, delivered by the steel 
mill in this size, are then ready to be assembled to the 
cylinders. (For a normal sized vessel, the dished head 
would be formed in one of the other of Foster Wheeler’s 
plants; however, because of the size and weight of this 


particular drum, it would not be practical to install the 


machinery necessary for such an operation.) 

Since the original vessel was designed for 56 ft 6 in. in 
length, two cylinders of the type described above are 
joined, and heads are attached at both ends after 
removal of the test plates. The vessel now must be 
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Fig.2 Twin-arc welding machines are capable of welding 
8-in.-thick plate at speeds considerably faster than in 
single-wire welding units 

These direct-current twin arc welders are mounted on specially 
designed — which travel longitudinally on a 150-ft long track, 


and which may be raised or lowered to accommodate pressure vessels 
up to 12 ft in diameter. 


returned to the automatic welder for welding of the 
circular seams, several of which can be welded at the 
same time. The drum is revolved on power-driven 
rolls at the exact speed required by the high-speed weld- 
ing machines. 

Laying out and installing nozzles, bosses and welding 
connections is hand operation. Specialized burning 
equipment is used for burning out such openings, while 
highly skilled layout men fit and adjust connections and 
tack weld them into place. Hand welders then proceed 
by conventional methods to weld them in place. 

The drum is now ready for X-ray examination, to 
make certain that every part of the weld is perfect. 
The drum is loaded on a 200-ton flat car and drawn into 
the X-ray building. 

In the film development and inspection rooms, 
located outside the 4-ft concrete walls, the X-ray 
result is speedily determined. Should any flaws appear 
in the X-ray, the defective weld metal would be chipped 
out and the drum rewelded, after which a second X-ray 
picture would be taken. 

The drum is then ready for stress relieving. In the 
welding operation certain stresses and strains have been 
set up in the metal formation by the extreme heat 
generated in the welding process. The vessel is loaded 
on the 200-ton capacity car and hauled into the furnace. 
The 80 propane gas burners in the 83'/.-ft long stress- 
relieving furnace are lighted and the vessel is subjected 
to heat of approximately 1200° F for a period of 5 hr. 
After this heat treatment, the drum is allowed to cool 
slowly. It is then returned to the main building for 
hydrostatic test. All nozzle openings and heads are 
closed and water is pumped into the drum until a 
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pressure equal to one and one half times the ultimate 
operating pressure is achieved. In this case the design 
pressure of the drum is 1550 psi, thus the test pressure 
is 2323 psi. The vessel is then carefully inspected for 
leakage. Upon satisfactory completion of the hydro- 
static test, the drum is ready for layout and drilling of 
tube holes. 

Approximately three hundred 3-in. holes are re- 
quired in this drum. The radial drills reserved for 
this task are located on a raised platform 230 ft long. 
Eight of these high-speed drills are mobile and may be 
moved along the platform for wider utilization. These 
drills are mounted on a 19-in. diam column and an 8-ft 
arm extends over the center line of the drum. Drums 
may be set up on either side of the raised platform and 
can be turned by power-drivenrolls. After all tube holes 
have been drilled they are grooved so that tubes when 
expanded into the tube holes will form a tight seal. 
Drums are now ready for painting and shipping. ‘The 
150-ton crane, or, if the drum should be larger, it—in 
tandem with the 50-ton crane—can easily lift the vessel 
and place it in a gondola-type freight car for shipment. 


AUTOMATIC SHIELDED TWIN-ARC WELDING 


The new automatic-shielded-welding process in- 
stalled at the new Mountaintop, Pa., plant of Foster 
Wheeler Corp., was built to specifications by the 
Cecil Peck Co. of Cleveland and Lincoln Electric Co. 
These automatic welding machines are power driven 
and can be raised or lowered to accommodate vessels 
up to 12 ft in diameter. The entire assembly in each 
unit travels on a track 150 ft long. The units are type 
LAF, automatic flux recovery, power-driven booms 
which are controlled at the operator’s station. These 
automatic welders are capable of welding plate 8 in. thick 
at speeds considerably faster than single-wire welders. 

Essentially, the process operates in the following 
manner: Granular flux is deposited on the joint to be 
welded, deeply enough to cover the completed weld. 


WELD 
METAL 


Fig. 3 Closeup of one of the Lincoln Electric Automatic 
Shielded Twin-Arc Welding Units 
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Bare metallic welding electrodes in tandem are power 
fed into the blanket of flux at rates of feed controlled 
automatically for proper are length. Direct current 
produces the hidden arc between the electrodes and the 
joint. The resultant are heat fuses electrodes and 
parent metal, producing the weld. Flux adjacent to the 
are melts, floats on the surface of the molten metal, 
then solidifies as a slag on top of the weld. Since the 
are and molten metal are blanketed by flux at all times, 
the weld metal is completely protected from contact 
with the air, assuring maximum quality of welds and 
making possible the use of extremely high amperage for 
faster welding and lower costs. 

While there is little difference in quality of weld ob- 
tained between alternating current and direct current 


welding, the direct current system was chosen because 
of the unique Foster Wheeler arrangement whereby the 
entire welding unit travels over the length of the 150-ft 
track. Being lighter, the d-c unit has the advantage 
of eliminating bulky transformers, which would have to 
travel with the welder along the track. 

Contact with power source is obtained by a hidden 
track below the floor similar to the third rail used for 
electric trains. Power consumed by one of the welding 
units is approximately 50 kw. 

In the case of welding circular seams, the portable 
welding machine is held in one position and the drum 
revolved by means of power rolls. 

In addition to the automatic machines shown, port- 
able welding machines, both de and ac, are used. 


A Modern Electrode Plant—Lancaster, Pa. 


MANUFACTURING plant so immaculate that 
even its 41,000 sq ft floor surface is fully vacuum- 
cleaned every 24 hr has other cleanliness features 
which make it fit like a glove in this heartland of 

the tidy Pennsylvania Dutch. 

Construction and equipment details which make it 
the most modern plant existing for its purpose either 
bar dust and dirt from entering or chase it out of the 
new Eastern Welding Electrode Plant of A. O. Smith 
Corp. near Lancaster, Pa. 

In spending a million dollars to build and equip the 
plant, the Milwaukee steel fabricating firm has a 
major purpose—to create ideal conditions for the 
“perfect”? manufacture of welding electrodes. 

Perfectly uniform electrodes—which are desirable in 
obtaining stable and uniform welds—can be turned out 
one after the other under hygienic laboratory con- 
ditions. The trick is to mass-produce the electrodes by 
the millions under factory conditions. 

For example, if a small piece of dirt or extraneous 
material becomes lodged in the extrusion press which 
squeezes out the rods, it will cause imperfections which 
will affect the performance of that whole rod batch. 

With rods going through the extrusion press at a rate 
of 20 per second (twice as fast as the firing rate of a 
machine gun) it should be apparent that a lot of damage 
can be done in a very short time. 


Fig. 1 This is the exterior front view of A. O. Smith Corp.’s 
space near Lancaster, Pa. 
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Along with its study of optimum manufacturing 
conditions in its new plant, A. O. Smith’s Welding 
Products Division sought to produce also the best 
possible conditions of plant safety, comfort and 
efficiency and the lowest maintenance costs. 

The result is a plant which went into operation re- 
cently with these unique features: 

Interior walls of glazed tile which eliminate main- 
tenance. 

None of the materials on the building’s exterior 
needs paint or other care. 

A building with no windows or skylights, to better 
control the ingress of air both from a standpoint of 
quantity and location. 

A system of air pressure balancing under which 
slightly more outside air will be automatically admitted 
than is exhausted from that portion of the building 
walled off to contain the dry mixing operations. 

The slight internal pressure thus created will tend to 
confine dust and dirt to those precincts and bar it from 
finishing stages of manufacture. 

Incoming air is filtered to remove all possible con- 
tamination from it—this despite the rural location of 
the plant. Such air as is exhausted is passed through a 
wet type rotoclone and washed to remove any possible 
dust. This adds to the insurance that all outside air 
will be pure before admitted to the plant. 


= 


Eastern Welding Electrode plant containing 41,000 sq ft of 
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Fig. 2 
going into the manufacture of electrode coating at Lan- 
caster plant is part of the high uniform quality attained 


Fig. 3) Operator in background is feeding the slug press 
which forms long clay-like molds of electrode coating 


material from the wet mix. These slugs then are fed into 

the extrusion press (cylinders at left) which forms the 

coating on the rods at the rate of 20 per sec, then feeds the 
coated rods into the baking oven 


Further contributing to cleanliness in the plant, 
propane gas is used for both the baking oven and for 
heating the building. 

Every effort is bent to insuring the uniformity of 
materials, both as to weight, mixture and application 
in the manufacture of welding electrodes in the new 
A. O. Smith plant. 

Because even a slight absorption of moisture by the 
dry mix can disturb the accuracy of the formula for the 
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Fig. 4 In the baking process electrodes move the length 
of this 150-ft modern baking oven three times. Six con- 
trol sones and a complex control system regulate variables 
such as air distribution, zone humidity and sone temper- 
atures. 1s can be seen, multiple door openings make 
every part of the baking process accessible for frequent 
visual inspection and for quick clearance of oven jams. 


coating applied to the wire, the silicates used are stored 
underground at constant year-round temperature of 
And an air-conditioned room in which hygro- 
scopic materials are stored insures the unvarying 


55° F. 


amount of moisture in these materials and consequent 
uniformity of mixes. 

All these mechanical features to insure maximum 
perfection in production of electrodes are backed up by 
a statistical quality control program designed to spot 
flaws in production almost as quickly as they begin to 
This control program guards the integrity and 
uniformity of the electrodes right to the consumer’s 


occur. 


door. 

Decision to locate the new plant at Lancaster was 
based on several factors. One of these was the strained 
capacity of the Milwaukee A. O. Smith plant to produce 
electrodes in the quantity required to meet the sharp 
increases in sales—increases much sharper than the 
industry as a whole since World War II ended. 

And once the need of a new plant was apparent, it was 
economically advisable that it should be located within 
close distribution distance of the eastern and south- 
eastern markets for electrodes. The eastern 
working market alone comprises about one-third of the 
potential electrode business. 


metal- 
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Tubular Elements and 
Lower Costs of Radar Screens 


ADAR scanning screens for naval vessels are 

mounted high in the ship's superstructure. This 

, Imposes severe requirements for light weight, vet 

demands great strength to resist the winds, 
vibrations and pitching and tossing movements that 
occur ia this high and exposed position. Also, though 
large, these screens must be accurately shaped and 
must retain this shape to preserve the operating 
characteristics of the radar. 

To achieve all this, eneineers of ITE Cireuit Breaker 
Co. departed from the usiial design approach of forming 
the screen's supporting irame entirely of girder sections. 
Instead they formed the frame of vertical ribs, but 


connected these by tubular spanning members across 
the top and bottom, as shown in the accompanying 
illustration of the finished screen (Fig. iD: 

By consultation with the technical staff of Superior 
Tube Co., of Norristown, Pa., the ITE engineers learned 
that a standard product of Superior—stainless steel 
tubing-type AISI 304—was available with the required 
strength and lightness to form the top and bottom 
spanning members of the parabolic frame. They 
adopted this tubing in the 1.0-in. OD size for the top 
spanning member and the 0.50-in. size for the lower 
edge of the radar screen frame. By taking advantage 
of the bending and welding properties of this tubing, 


Figure 1 
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ITE engineers developed a simple fabricating pro- 
cedure. Net result of this new structural design and 
new fabricating technique is a radar screen of the re- 
quired lightness, strength and shape, but produced 
faster, at lower cost, with less use of skilled labor and 
with less consumption of strategic materials than were 
formerly needed. 

A step-by-step explanation of this new fabricating 
procedure is given in the following series of illustra- 
tions. 

Figure | shows the finished radar screen, destined for 
mounting on the scanning mast of a ship at sea, getting 
final meticulous inspection for conformity with Navy’s 
rigid manufacturing specifications. Note the unusual 
structural design using tubular spanning members 
(arrows) forming the top and bottom edges of the para- 
bolic sereen. The tubing’s light weight, structural 
strength and ease of fabrication (by cold forming and 
shot welding) speed assembly time and cut product 
costs. 


Figure 2 


Step 1 (Fig. 2): Since both edges of the radar screen 
are parabolic, ITE engineers experimented with 
methods of tube bending which would avoid the usual 
mandrel techniques. They came up with the sur- 
prisingly simple solution of attaining the desired curve 
by hand bending the long top edge tubing sections to 
conformity with a template. Three men accomplish 
the shaping of these sections without using mandrels in- 
side the tubing—and without creating distortions in 
tubing cross section. 

The upper half of the screen’s skeleton is built on a 
wooden shaping form. After the single length of tubing 
which forms the top edge of the screen is shaped by 
hand to a template, it is clamped in place on the upper- 
half assembly frame (see arrow). Vertical ribs are also 
clamped in place on the form, then ribs and tube are 
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Figure 3 


welded together. Cantilever action of the assembled 
tubing adds considerable rigidity to the skeleton. 

ITE engineers and metallurgists next tackled the 
problem of joining the tubing to stainless vertical ribs 
of the screen assembly on a mass production basis, and 
mastered the technique of electric shot welding for speed 
and bonding strength. 

Slep 2(Fig. 3): Tubing ends are plug welded to corner 
braces, electric shot welded to vertical ribs. Bracing 
provides the extra joint strength necessary for tube 
rigidity. 

Step 3 (Fig. 4): The shorter '/2-in. tubing lengths 
presented a more difficult problem. However, by 
arranging three special shaping rolls as shown in this 
figure, the tubing is brought to the required parabolic 
shape by giving it several passes through this “shaper.” 


Figure 4 
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Figure 5 


The !/2-in. AISI 304 stainless tubing, cut to the right 
lengths, is passed through the cold rolls without a 
mandrel. Each time the tube passes between rollers, 
the degree of arc is increased. The gentle pressure of 
the rolls will not distort tube cross-sectional roundness 


even when this forming pressure is continued. In 
repeated tests, ITE engineers have formed sample 
sections of Superior tubing in 360-deg circles without 
creating stgmfircant-stresses im the tube. 

Step 4 (Fig. 5): After the lower-edge tubing has been 
shaped to the right curvature, a hydraulic press flattens 


Figure 6 


1954 


Figure 7 


the structural tubing for easy joining to radar screen rib 
ends. Rapid and uniform pressure of the press insures 
a perfectly flat joing surface at the precise point of 
contact without: (1) affecting the tube’s parabolic 
shape, (2) distorting the cross sections along spans 
where rigidity is specified or (3) unduly stressing the 
metal at flattened areas. 


Figure 8 
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Step 5 (Fig. 6): Half-inch preshaped Superior tubing 
structural support members are electric shot welded to 
stainless joint flanges, which in turn are shot welded to 
the bottom ends of radar screen vertical ribs. As- 
sembly of ITE’s radar screen rigid skeleton is done on 
specially construeted wooden forms. Welders reach 
spots to be tacked with electric hand welding machines 
which are suspended from ceiling on track carriages. 
This ITE procedure greatly simplifies the heretofor 
difficult techniques involved in welding radar screens. 

Sleps 6 (Fig. 7): Final joining of ' 2-in. tube members 
to the radar screen frame is accomplished by shot weld- 
ing of the tacked joints. Lower assembly of the screen 
skeleton has been removed from wood-shaping form, is 
now ready to be joined to upper assembly. 

Step 7 (Fig. 8): Stainless steel wire screening is shot 
welded to the assembled radar screen frame. 

Step 8 (Fig. 9): Top and bottom edges are welded on 
face of screen. Excess screening is clipped | in. beyond 
tubing, rolled over and tacked along reverse side. For 
greater structural strength along the edges of the 
parabolic radar screen, inert are welding is used. 


Step 9: Inspection of finished screen. See Fig. 1. 


Figure 9 


Concave Tank Ends Are Insulating Jobs 
with Welded Anchors 


{ECURING insulation to concave ends 
of heated horizontal tanks is not a cover plote.— 


simple matter of banding as with con- 
vex ends and cylindrical tank surfaces. 
Each section of mineral wool block insula- 
tion on a concave surface must be individ- 


5 


Mineral woo/ 

block insulation 
ually held in position. As shown on the 4 block insulation 
left in the drawing, an effective method of ; and finish Meta/ cover 
attachment on concave tank ends employs >: plate 
nuts welded to the surface as anchors for ented nuts ot 
tie wires passing from nut to nut over each eee? Bloch joint ‘ 
section of insulation. The alternative re- M3 Pin, stud or wire 
movable-head construction on the right is i —— /8-gogewires ‘ A welded to plate 


useful on tanks where the concave ends fe from nut tonut 
over blocks 


cannot be welded or where periodic in- 
ternal inspection of the tank is simplified 
by easy removal and replacement of the 
insulation. 

Welded edgewise to the metal surface, 


— Tank surtace 


'/-in. nuts are spaced between each A 

horizontal row of block insulation so that STE CPE 

at least two vertical rows of nuts cross each — 7 

insulating section. For example, applica- DIRECT SURFACE APPLICATION REMOVABLE INSULATION HEAD 
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tion of 6 X 18-in. mineral wool block in- 
sulation requires welded nuts at 6-in. 
vertical intervals and not less than 9-in. 
horizontal intervals. The 18-gage tie 
wires are passed through the nuts and 
tightened over each section of insulation as 
it is placed in position. The final step is 
the application of appropriate finishing 
materials such as mineral wool insulating 
and finishing cements, followed by a water- 


proof coating as specified. The same in- 
stallation steps apply to the use of welded 
rods and studs as well as to nuts, 

The removable head is constructed by 
first attaching mineral wool blocks to a 
metal cover plate of the proper diameter. 
The insulating blocks are impaled on pins, 
studs or wires welded to the cover plate at 
regular intervals. Special clips are placed 
over the pins and studs or the welded wires 


are bent over to hold the insulation tightly 
in place. Sheet metal is then cut and 
welded onto the cover plate to form its 
evlindrical sides. The cover plate is fitted 
over the end and held by bands around the 
tank. The additional cost of the re- 
movable head over surface application is 
partly offset because there is no need for 


finishing the insulation. 


IVE a railroad welding engineer a tough problem 
and you will see a contented man. Some of the 
toughest welding jobs have a habit of coming his 
way, and soon the trouble is in the past. Here is 
a fine example of how engineers on the Chicago «& 
Eastern R.R. licked a tough one in preparation for a 
car-building program at the railroad’s Danville, IIL, 
shops. 

Welding angle irons to web plates in fabricating the 
two side and two center sills of a 70-ton fish-belly flat 
car by the submerged melt process looking like an in- 
volved affair. Since the bottom contour of the sills 
changes direction four times, a mechanized welding 
unit was required that could move longitudinally and 
diagqnally at the same time. 

Through joint effort, engineers of the C&EI and Ox- 


Fig. 1 Starting the ** 1° Frame on its way to welding floor 

angles to a web plate in the fabrication of side sills for 

fish-bellied flat cars at a Chicago and Eastern Illinois Rail- 

road Shop. The mechanized frame straddles the work, 

riding on 60-ft rails, and carries a *“‘Unionmelt” welding 
machine on its beam 
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weld Railroad Service Co. installed a ‘“Unionmelt”’ 
DS welding head on a specially designed mechanized 
“A” frame carriage. This 4-ft high carriage straddles 
the work in gantry fashion and rides on two 60-ft long 
rails, as shown in Fig. 1. Two other rails upon which 
the ‘“Unionmelt”” machine travels are mounted atop 
and crosswide to the “A” frame. The “A” frame is 
equipped with a |-hp., 1750-rpm, d-c motor and a series 
of rheostats which furnish variable longitudinal speeds 
of 20 to 48 ipm. Shaft connections to a drive wheel 


Fig. 2. Changing contour of fish-bellied side sill is easily 

followed by “‘toeing-in’’ the guide wheel on the welding 

head. Here the guide wheel is automatically adjusting 

direction during welding of bottom angle irons to a side 
sill 
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Fig. 3 Floor angles are welded to the opposite side of a side 

sill by simply changing the angle of the welding head, as 

shown. Spacer plates are placed in the 5-in. gaps between 
floor angles to permit uninterrupted welding 


on both sides of the gantry propel it along the main 
rails. A clutch permits disengagement for manual 
pushing of the carriage. 

Fabrication of the side sill is begun by welding a 6- x 
4- x */,-in. angle iron to the top length of a 52-ft long, 
3/s-in. thick web plate. This will be the inside floor 
angle of the side sill. After the angle is clamped 
and tack welded into position, the “A” frame is 
moved directly over the assembly. The type DS-37 
carriage riding crosswise on the frame is locked in place 
and the welding head cocked at a 45-deg angle. This 
5/,e-in. fillet weld is perfectly straight, so only the “A” 
frame is set in motion longitudinally. Welding speed 
for this operation is 24 ipm at 780 amp, d-c reverse 
polarity. The welding rod used is Type No. 36, */; in. 
with a 90-grade melt. Web plate and angle are open- 
hearth mild steel. 

It is in the next operation that the “A” frame best 
proves its versatility and worth. Five lengths of angle 
iron are clamped, then tack welded to the bottom of the 
web plate, following the fish-belly contour. The weld- 
ing head guide wheel is set to “‘toe-in’”’ about '/, in. to 
follow the contour of the angle irons. As the weld 
angle changes, the guide wheel automatically adjusts the 
direction of welding. This variation in direction is 
evident in Fig. 2. There is no loss in welding speed. 

Following this operation, the web plate is flopped over 
to expose the other unwelded surface. Since it is now 
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Fig. 4 Welds joining the top and bottom angles are clean 
and smooth, requiring no finishing 


resting on the 4-in. high angle irons welded earlier, the 
Unionmelt head is raised to this new level by means of a 
telescopic tubing. Seventeen sections of 6- x 4- x '/2-in. 
floor angles are clamped into place, about 5 in. apart, 
along the top length of the web plate, backing up the 
already welded inside floor angles. These will be the 
outside floor angles of the side sill. Spacer plates are 
placed between the separated floor angles permitting 
uninterrupted welding, as Fig. 3 shows. This '/,-in. 
fillet weld is made at a speed of 30 ipm, using the same 
materials as in the preceding operations. Approxi- 
mately 154 ft of welding is required for each side sill. 

Construction of the two center sills requires only : 
slight variation in the welding steps. Each center sill 
has two sets of directly opposing angle irons following 
the contour of the fish-belly bottom, one on either side 
of the web plate. This, of course, necessitates two 
contour-welding operations whereas only one was re- 
quired on the side sills. A single floor angle is welded to 
the top of the center sill, and this in one piece running 
the length of the sill. Dimensions and welding speci- 
fications are the same as that of the side sills. 


Figure 4 shows the clean, smooth welds joining the 
angle irons to a web plate in this project. Welding of 
this quality makes C&EI officials confident that their 
“A” frame carriage will demonstrate its worth on other 
future welding programs. 
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Clinic 


by R. L. Fuller 
IF THESE THINGS HAPPEN 
WHEN YOU BRAZE WELD 


In tinning——bronze rod runs to the edge of the puddle, 
leaving an oxidized area in the center. The molten rod 
bubbles and bounces like water on a hot stove. 


In tinning—bronze rod builds up and is lumpy. Forms 
balls. Does not spread smoothly, 


In tinning—molten bronze rod does not flow but acts 
as if it were deposited on a firebrick. 
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HERE IS THE REMEDY 


Too much heat. Draw back the flame, or check 
the welding tip to make sure correct size is be- 
ing used. 


Not enough heat. Move flame closer to the 
metal. 


The metal has not been cleaned properly. Be- 

fore braze welding, oil, grease, rust and any for- 

eign material must be removed from the weld 
area. 


R. L. Puller, Linde Air Products Co., New Orleans, La. 


Practical Welder and Designer 


155 


IF THESE THINGS HAPPEN 
WHEN YOU BRAZE WELD................. HERE IS THE REMEDY 


Bronze dropped from the end of the rod. Weld- 
ing progressed too quickly with the result that 
the base metal was too cold. 


Base metal was too hot. Draw back the flame. 


Bronze has spread on too thinly and flowed out too far 
ahead. 


MAKE YOUR BRAZE WELDS LOOK LIKE THIS 


Here is a good braze weld. The base metal was cleaned properly to 

remove oil, grease, rust or oxide. The part was heated only to a dull 

red and then tinned. A good flux was used. The rod was held in the 

puddle when molten metal was added. Both rod and blowpipe were 

held at an angle of about 45 deg to the workpiece. (The droplets along 

side the weld in the picture are melted flux, and can easily be cleaned 
off with a wire brush). 
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activities 


WELDING 


related events 


By-Law Revisions 


Official Notice to all 1WS Members 


It is again necessary that the national 
SOCIETY poll the membership by letter 
ballot for the approval of a number of 
changes in our By-Laws, such being neces- 
sary to accommodate the changing times 
and a pattern of improvement or expansion 
of membership services 

Notice is hereby given to the member- 
ship of the AMERICAN WELDING Sociery 
that in the March 1954 issue of the So- 
creTy’s official publication, Tue 
JouRNAL, an official notice will be pub- 
lished announcing the printed publica- 
tion of revisions to the Sociery’s By-Laws. 
The By-Laws which are to be revised will 
be properly indicated by Article and Sec- 
tion number and the information given 
will include both the original and the re- 
vised text. All members will be requested 
to read the By-Law revisions. Not less 
than thirty (30) days later, a letter ballot 
shall be submitted to the entire member- 
ship requesting their vote thereon. The 
revised By-Laws shall be adopted at the 
expiration of sixty (60) days after mailing 
the ballots unless rejected by at least 20% 
of the eligible voting membership. 

J. G. MAaGRaATH 
National Secretary, AWS 


Bound Volume 1953 


Orders are now being accepted for the 
1953 bound volume of THe 
JOURNAL at $15 each. The twelve issues 
of Tue JourNnat will be bound 
together in black imitation leather covers, 
together with an index covering the entire 
vear. 

The main portion of the JouRNAL con- 
tains 1250 pages of the latest and most up- 
to-date information on every phase of 
welding covering such broad subjects as 
aircraft welding, alloy steels, aluminum, 
are studies, armor plate, brazing, bridges 
and buildings, ceramic coated alloys, cut- 
ting, dissimilar metals, electrodes, flame 
cutting, flame hardening, hard facing, hu- 
man element in welding, inert-shielded- 
are welding, jet engines, Magnaflux inspec- 
tion, magnesium welding, maintenance, 
nodular cast iron; oxygen cutting, pipe 
welding, 60 practical welding articles, 
quality control, resistance welding, safety, 
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shop repair, spot welding of aluminum, 
magnesium, stainless steel, titanium and 
other metals, storage tanks, stress corro- 
sion cracking, structures and weldability 
articles. Each of the twelve issues con- 
tains sections on the Socipry and related 
activities, personnel, news of the industry, 
new products, new literature, new patents 
Section activities and many other items. 

The Research Supplement, a volume of 
624 pages, is also included, representing 
the results of more than a million dollars 
worth of research. 

Copies may be ordered through the 
AMERICAN WELDING Society, 33 W. 39th 
St., New York 18, N. Y. 


Recommended Practices for 
Postweld Heat Treatment of 
Austenitic Weldments 


With increased use of the austenitic 
steels, particularly for piping and pressure 
vessel fabrication, considerable confusion 
and misunderstanding has occurred re- 
garding the need for stress relief and the 
effects of such heat treatment on the per- 
formance of weldments in service. 

The Recommended Practices for Post- 
weld Heat Treatment of Austenitic Weld- 
ments, just published by the AMERICAN 
WELDING Society, summarizes the con- 
siderations necessary to determine whether, 
for a given application, stress relief 
should be used, and if so, at what time and 
temperature. It was prepared by an 
outstanding group of Engineers serving 
on the Piping and Tubing Committee 
of the AmeRICAN WELDING 

The recommendations represent the 
practices deemed most acceptable by a 
group of authorities on the subject, based 
on studies and actual industrial practice. 

Copies of this four-page leaflet may 
be obtained at 50 cents from the AMERI- 
CAN WELDING Society, 33 W. 39th St., 
New York 18, N. Y. 


Welding Exposition at Buffalo in 
May 


The AmerICAN WELDING Society will 
stage its second Welding and Allied Indus- 
try Exposition at the Memorial Audito- 
rium, Buffalo, N. Y., May 5-7, it was 
announced recently by Joseph G. Ma- 


Sociely News 


gratl National Secretarv. The Soct- 
ETY’s National Spring Technical Meeting 
will be held at the Hotel Statler in the 


same citv, May 4-7. 

The Socirry’s first show, held in Hous- 
ton, Tex., last year, attracted key execu- 
tives from more than 20 industrial fields. 
The Buffalo exhibit will be almost twice 
as large and the attendance is expected to 
be more than three times as great. More 
than 100 exhibitors are expected and the 
products of more than 300 companies will 
be shown. Eighty percent of the exhibit 
space already has been assigned prior to 
public announcement of the show, 

very type of welding equipment and 
most accessories will be on display. kix- 
hibits will include equipment for manufac- 
turing and structural purposes, as well as 
for maintenance needs. Considerable em- 
phasis will be placed on welding techniques 
for the newer metals. Many automatic 
welding processes also will be featured. 

The announcement stressed that Buf- 
falo was chosen as the site of the 1954 ex- 
position because 90% of the major indus- 
trial centers of this country and Canada 
are within a 500-mile radius of the city 
and many are much closer, 

In addition to the exhibits and the tech- 
nical sessions, visitors also will be taken 
on tours of major industrial plants. In 
this way, visitors will have an opportunity 
to study the theory at the conference, com- 
pare the actual machines which do the 
work at the exposition and inspect prac- 
tical large-scale installations in factories. 
The papers read at the meeting will cover 
every phase of welding, welding engineer- 
ing, welding procedure, welding metal- 
lurgy and weldable metals. 

Although the conference will be national 
in its approach, many of the papers read 
will be pointed toward the particular in- 
terests of industries within the 500-mile 
radius of Buffalo 

“Here, under one roof, on one floor, in 
but several hours, the designer or the pur- 
chasing director, the management or 
plant executive, the engineer or the metal- 
lurgist, the supervisor, inspector or the 
welder, will see exhibited and demonstrated 
every type of are, gas, resistance and com- 
bined process welding machine, equipment 
and apparatus offered by one of America’s 
fastest growing industries,’’ said Mr. Ma- 
grath. 
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“Industry will learn how and where, dollars annually and result in the produc- which possess the smooth line and pleas- 


right now, modern welding, brazing, cut- ing of products having reduced weight, ing contours attainable only by welding; 
ting, heating and surface-treating proc- greater strength, lower unit cost, lesser products with the eye-appeal which cre- 
esses can save their users thousands of mass and superior quality; products ates buyer-appeal,”’ said Mr. Magrath. 


Tentative Technical Program 


AWS National Spring Meeting 


Statler Hotel, Buffalo, N. Y. 
May 4—7, 1954 


TUESDAY AFTERNOON, May 4 
Two Simultaneous Sessions 
1—-WELDABILITY 2—-INERT ARC WELDING 


Effect of Electrode Type in the Notch Sigma Welding Carbon Steel- 
Slow Bend Test cation Data 


~Appli- 


: by WILLIAM J. MURPHY and R. by J. R.C RAIG, Linde Air Products 
D. STOUT, Lehigh University Co. 
B. Effect of Thermal Activation on the B. Inert-Gas-Shielded Tungsten-Arc 
z Fatigue Life of Butt-Welds Spot Weldin 
‘a by A. M. FREUDENTHAL and by C. A. MeCLEAN, Air Reduction 
; ROBERT HELLER, Columbia Sales Co. 
“ University C. Interrelated Factors in Process Ad- 
Bi C. Temperature-Tensile Characteristics justment for Inert-Gas-Shielded 
of Metal-Arc Weld Metal Arc Welding 
by JULIUS HEUSCHKEL, Westing- by EUGENES B. LaVELLE, General 


house Electrie Corp. Electric Co. 


WEDNESDAY MORNING, May 5 


Three Simultaneous Sessions 


3—RESISTANCE WELDING 4—STAINLESS STEEL 5—-SURFACING AND METALLIZING 
A. Spot Welding Thin Gauge Aluminum A. peegenties of Type 347 Welds A. Improved Semi-Automatic Welding 
TK J by D. THOMAS, Jr., and L. K. and Hard Facing ; 
i by L. W. JOHNSON, General Electric POOLE, Arcos Corp. by HOWARD 8. AVERY, T. G. 
S Co. B. Comparison of Various Methods for BRASHEAR, H. J. CHAPIN and 
B. Single Phase Spot Welding of Alumi- the Determination of the Percent of G. H. EDMUNDS, American Brake 
— oe to MIL-W-6860 Speci- Ferrite Content in Type 347 Stain- Shoe Co. 
fica less Steel Weld Deposits B. Fatigue Tests of Steel Specimens 
by J. a HARRIS, Taylor Winfield by W. J. FLEISCHMANN, General Prepared for Metallizing 
Corp Electric Co. by R. C. MILLER, JR., and A. W. 
C. Flash Welding of Copper to Aluminum C. The — of Welded Stainless BRUNOT, Thomson Laboratory, 
Tubing Steel Pi General Electric Co. 
by W. F. HAESSLY, Taylor Winfield by A. GRODNER, Alloy Fabricators 
rp. Division 


WEDNESDAY AFTERNOON, May 5 
Two Simultaneous Sessions 


6—RESISTANCE WELDING 7—PRESSURE VESSELS AND PEN- 
A. Welding of Auto-Body STOCKS 
tee 


A. 30-Ft. Diameter All-Welded Test 


by E. F. NIPPES, and F. H. DOM- ne Unique Design Fea- 
INA, Rensselaer Polytechnic In- 
stitute by OLN VASTA and F. W. DUN- 
B. Resistance Welding of Galvanized HAM, Bureau of Ships, Navy De- 
Steel Tanks—-Quality and Produc- partment 
tion Method B. Automatic Horizontal and Vertical 
by J. A. BRADLEY, Rheem Manu- Welding of Field Erected Structures 
facturing Co. by AMEL R. MEYER, Graver Tank 
C. Interpretation of Standards for & Manufacturing Co. 


RWMA T A-1 Transformers as C. Fabrication and Welding of Steel 
a Basis for Correct IOP Penstocks 
by J.F. DEFFEN BAUGH, F.E. MUR- by R. F. SCOTT, Horton Steel Works 
RAY and V. A. RATHFELDER 
Federal Machine and Welder Co. 
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You know thos wene bettor! 


mi @F ELECTRIC MANUFACTURING CO. 


APPLETOM WISCONSIN 
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8— TITANIUM 


A. Surface Embrittlement of Titanium 
by Exposure of Weld Heat-Af- 


a fected Zone to Atmospheric Con- 
tamination 

by C. HARTBOWER, D. M. 
€ DALEY, JR., and W. P. HATCH, 
Jr., Watertown Arsenal 

Bi lk. The Effect of Alloying Elements on 
‘a Welds in Titanium. Part Il 

by G. FAULKNER, Battelle 
Memorial Institute 

C. High-Temperature Alloy Fusion 
Be Brazing for Titanium and Titanium 
Alloys 

ti by ROGE R A. LONG and ROBERT 
RUPPENDER, Aircraft Compo- 
‘an nents Division, Ferrotherm Co. 


~NONFERROUS 


A. wan Molybdenum for High-Tem- 
perature Service 
by M. I. JACOBSON, D. C. MAR- 
TIN and C. B. VOLDRICH, Bat- 
telle Memorial Institute 


B. Welding of 90 10 Oe: Alloy 
by G. R. PEASE and T. KIHL- 
GREN, International ie kel Ca. 


C. Adhesive Bonding Complements Sol- 
dering and Brazing 
by H. SIMONS, Eutectic Welding 
Alloys Corp. 


Front view shows 1-Free-Wheeling adjustment 
2-CYL Air Cylinder clamping device. 3-Front Casters 
Swivel (rear casters rigid) 


COMPARE... 


C. Welding Procedure for 


Three Simultaneous Sessions 
9—-STRUCTURAL 


A. Special Problems in Structural Weld- 

ing for Bridges 

by STEWART 
ARTHUR L. 


Bk. The Reconstruction of the MacArthur 
at Burlington, Iowa 


by NED L. 


sity of lowa 


THURSDAY MORNING, May 6 


10—-PROCESS AND EQUIPMENT 


A. Submerged Melt 
Weldin 
MITCHELL and by R. A. KU BLI, Linde Air Products 
ELLIOTT, Califor- Co. 
nia Division of Highways 
i the B. Selection of D-C Arc Welding Power 
Bridge Across the Mississippi River Sources 
by A. U. WELCH, General Electric 
ASHTON, State Univer- Co. 
C. D-C Arc Welders Rectifiers or Mo- 


C. New Principles for the Calculation of 


Welded Joints 
by PROF. C. G. J. VREEDEN- 
BURGH, University of Delft 


FRIDAY MORNING, May 7 


Three Simultaneous Sessions 


12—-PIPING AND TUBING 


General Dynamics Corp. 

Welding 
Tubes in Heat Exchangers 

by W. E. BATTLES and W. E. 
SPIRES, Leader Iron Works, Ine. 


Quarter view shows chassis elevated, 
135° table tilt — Tilt motor with brake. 


by WARNER H. SIMON, 


tor Generator Sets? 
by S. OESTREICHER, 
feger Corp. 


Harnisch- 


13—-APPLICATIONS 


A. Validity of Radiography in Predicting A. Some Practical Considerations in the 
Pipeline Joint Strengths Application of Tungsten Arc Weld- 
by RICHARD C. WILEY, Califor- ing 
nia State Polytechnic College by H. A. HUFF, JR., Air Reduction 
B. Elimination of Backing Ring by Use of Sales Co. 
Consumable Insert 
by J. V. HARRINGTON and T. A. 
RISCH, Electric Boat Division, Industrial Research and Procedure 


Control as — to Automatic 
Welding Processe 

Dresser 
Dresser 


Manufacturing Division, 


Industries, Inc. 


Rear view shows Infinitely Variable Transmission 
with micrometer control — Magnetic reversing 


starters for Tilt and Rotation 


1 SMALLEST 1000 Ib. POSITIONER: 18” high, 30” wide, 
34” long! COMPACT — MIGHTY! 

2 HIGHEST PRECISION: 1% Speed Control; Minimum 
Backlash; 1° Tilt Accuracy! 

3 MOST VERSATILE: ZERO to 3.75 RPM Table Rotation; 
Built-In Free-Wheeling; 20 seconds for Full Tilt with 
Magnetic Braking; Adjustable Table Height from a 


fronson MACHINE CO. 
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LOW 18” to a HIGH 32”; HOLLOW SPINDLE, tapped 
both ends; Precision Machined Table; Built-in MER- 
CURY GROUND Main Spindle! 


4 HIGHEST QUALITY: Anti-Friction Bearings Throughout, 
no bushings; Oil-Tight Dust-Tight Push Button Station at 
LOW VOLTAGE; Magnetic Reversing Starters; 
Aluminum Bronze Worm Gears; 

NO PERIODIC MAINTENANCE! 


SEND FOR OUR LATEST, CATALOG SHOWING THE COMPLETE LINE OF ARONSON WELDING POSITIONERS 


ARCADE, N. Y. 
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the trade marks"tt’” 


< jrey TUBE-TURN WELDING TEE is drawn from seamless tubing 
to a barrel shape—the form every tee wants to assume under 


o pressure. This design, plus the generous crotch radius and thick- 
ness, assure exceptional strength and endurance. In tests of 
representative fittings, bursting pressures have averaged over 


FOR 25% higher than required by applicable standards. 4 

This extra quality at no extra cost is typical of all TUBE-TURN 
ENDURANCE Welding Fittings and Flanges. For satisfying service, and to fill 
all your requirements from one reliable source, get in touch 
with your nearby TuBE Turns’ Distributor. You'll find one in 

every principal city. 


The Leading Manufacturer of Welding Fittings and Flanges 


TUBE TURNS, 
@ KENTUCKY 
DISTRICT OFFICES: New York Philadelphia Pittsburgh + Cleveland Chicage Denver Los Angeles San Francisco 


Seattle Atlanta Tulse Houston « Dalles » Midlend, Texes 
Subsidiaries: TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO © PENNSYLVANIA FORGE CORPORATION, PHILADELPHIA, PA. 


Mais 

and<Juse-Turn”are applicable only 
to products of Tuse Turns, INC. 

— 


TUBE 


ENGINEERING SERVICE 


develops new method of fabricating 


jacketed fittings 


TIME AND COsT can be reduced with 
this method of using welding fittings for direc- 
tional changes in jacketed piping systems. The jacketed 
fitting combination consists of long and short radius 
TUBE-TURN Welding Elbows, with center-line radii 
closely matching. A tangent on one end of the inside 
elbow (see cut) extends beyond the corresponding end 
of the outside elbow. On the other end a short length 
of pipe is attached to simplify installation. 

The method eliminates the need for steam and 
coolant jumpers, and also eliminates flanged joints, 
except where disas- 
sembly must be pro- 
vided for. Insulation 
can be readily applied. 
Maintenance costs are 
sharply reduced, as all 
joints are permanently 
leakproof. The assem- 
bly provides optimum 
flow conditions, and 
minimized thermal 
problems. 

This improved technique is another contribution 
to piping technology by TUBE TuRNs’ Engineering 
Service Division—always ready to help you with 
special piping problems. 


Welding sequence for elbow 
of jacketed system. 


TUBE YUONG, INC recog 


TUBE TURNS, INC., Dept. 0-00 


224 East Broadway, Louisville 1, Kentucky 
Please send me free copy of Pipe and Fitting Materials. 

Company Name 

Company Address 

Your Name 


Position 


These water, steam, and air lines, using TUBE-TURN 
Welding Fittings to make directional changes, provide 
permanently leakproof service. Note compactness of 
layout, and how neatly insulation is applied. 


SERVICE is the middle name of your nearby TUBE 
TURNS’ Distributor. He can help you fill all your 
requirements from one reliable source. TUBE TURNS, 
INC. offers the world’s broadest line of welding fittings 
and flanges, in a wide range of types, sizes, and more 
than 40 different alloys. 


DISTRICT OFFICES 


New York Midland 
Philadelphia Tulsa 


Pittsburgh San Francisco 
Cleveland Los Angeles 
Chicago Seattle 
Houston Atlanta 
Dallas Denver 


*tt° and “TUBE-TURN” Reg. U.S. Pat. Off. 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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WELDER 
ADAPTED FOR 


APPLICATIONS 


Two Standard Sciaky Three-Phase Welders Join 42 Parts in 4 Operations 


Sciaky Type SPT 2 
Welder. For complete 
specifications, write 
for Bulletin No. 306-1, 


A short time ago Casco Products Corporation, 
Bridgeport, Conn., consulted Sciaky about special 
equipment for resistance welding simulated wire wheels 
for automobiles. 


Power limitations at Casco were further complicated by 
design requirements . . . 40 spokes of .430 stainless steel 
joined to retainer rings . . . accurate fit on the 
automobile wheel demanded precise alignment of welded 
assembly...production rate of 1200 per day...strength 
to withstand vibration and shock of wheel rotation. 


Avoiding the expense of special machines, Sciaky 
adapted two standard type SPT 2 welders with special 
tooling for multiple gun operation. Only four operations 
were required to join the 42 parts of the assembly. 


Sciaky patented Three-Phase operation readily 
satisfied existing power facilities where conventional 
single phase could not. Sciaky Three-Phase, also, 
provided precise control to maintain tolerances of 
setdown and alignment. 


The strength of the spot welded assembly exceeded 
requirements, and Sciaky Three-Phase produced a 
smooth fillet at weld eliminating need for special metal 
finishing. Production requirements were satisfied. 


Write for the complete story of Casco’s use of Sciaky 
welders for this job. Ask for “Resistance Welding at 
Work”, Volume 3, No. 9. 


Largest Manufacturers of Electric ° 
Resistance Welding Machines in the World = SiAk x 


4919 WEST 67th STREET, CHICAGO 38, ILLINOIS 


Plants: Chicago * London ° Paris Sales Offices: Chicago, Ill. * Buffalo, N. Y. * Cleveland, Ohio * Dayton, 
Ohio *¢ Detroit, Mich. * Ft. Worth, Texas * Hollywood, Calif.» New York, N. Y.* Philadelphia, Pa. * Washington, D.C. 
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Runs all day 


Here you get everything you've ever wanted in an 
engine-driven welder — including features you 
don’t get from any other. 

Take a quick look at some of the WN-250 ad- 
vantages that help you keep step with demanding 
production schedules; help you cut costs: 

(1) The P&H WN-250 has more capacity than 
other welders with the same rating. 

(2) Ic has a full 20-gallon gas tank. 

(3) It gives you the latest-type P&H welding 
generator, powered by a direct-connected gasoline 
engine. It’s a four-cylinder, 180GLU Waukesha, 
water-cooled and baile for heavy duty. And we 
really mean heavy duty — it’s not an automotive 
light-weight. Available with electric starter. 

(4) The WN-250 is equipped with a P&H idling 
device that establishes the rated speed of 1800 rpm 
as soon as the arc is struck. This speed is main- 
tained for a set period after the arc is broken. 


TRUCK CRANES: DIESEL ENGINES POWES SHOVELS 


HOMES HOISTS SONA STABILIZERS WELDING EQUIPMENT 


pulls 300 


(5) It has P&H’s famous Dial-lectric Control. 
An easy turn of a radio-type knob provides stepless 
heat adjustment over the entire high or low range. 


(6) Ie has pre-lubricated bearings, to reduce 
the need for servicing and insure longer life. 

(7) Ic has an auxiliary AC power supply 
(I1KVA) that permits floodlighting and running 
power tools, while welding. 

There are other reasons why you're money ahead 
with a P&H WN-250. Ask your P&H representa- 
tive or distributor for all the facts. Or, write for 
bulletin. 


WELDING DIVISION 


HARNISCHFEGER 
CORPORATION 
0000 West National Avenue MILWAUKEE 46, WIS. 
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ARC WELDER 


if 
Both engine and generator are 

mounted on a sturdy frame. Two-wheel 

mounting also available. 


Continuous 
8-hour welding test 
demonstrates 
the extra stamina 
of the 
P & H WN-250 


You can’t beat welding performance 7 
like this: In a recent test, the P&H 3 
WN-250 operated continuously for 8 4 
hours on a 70% duty cycle. 

A 54." electrode was used with 300 feet 
of cable. There were 250 amps. at the 
electrode. So that the test would be 
continuous, three welding operators were 
used. When one got tired, another took over. ft 
All used the drag technique with a 6010 ‘— 
rod — which is as close to a short _ 
circuit as you can get. j 

At the end of 8 hours, the P&H , 
generator was still cool. And the WN-250 
was still rarin’ to go — the weldors F 
were worn out, but not the machine. x)’ 
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Coming Events 


International Acetylene Association: An- 
nual Meeting, Palmer House, Chicago, 
April 7-9, 1954. 

Society for Experimental Stress Analy- 
sis: Spring Meeting, Educational Lee- 
ture and Exhibit, April 14-16, 1954, Neth- 
erlands Plaza Hotel, Cincinnati, Ohio. 

American Welding Society: National 
Spring Technical Meeting, Statler Hotel, 
Buffalo, May 4-7, 1954-—and in conjunc- 
tion, the AWS sponsored Welding and Al- 
lied Industry Exposition at the Buffalo 
Memorial Auditorium, May 5-7. 

American Welding Society: 1954 Na- 
tional Fall Meeting, Hotel Sherman, 


Chicago, Nov. 1—5. 


National Welding Supply Asso- 
ciation Meeting 


Rallying to the Zone Creed, the South- 
eastern Zone held its most successful meet- 
ing to date at the Dinkler-Tutwiler Hotel 
in Birmingham, Ala., on Monday and 
Tuesday, December 7th and 8th. 

Attendance was at a new high with 108 
distributors and manufacturers present. 
Comments received after the meeting indi- 
eated that the talks presented by the 
speakers proved most interesting and 
constructive. 

The meeting was ably conducted by W. 
P. McLendon, Keenan Welding Supplies 
Co., Vice-President of the Southeastern 
Zone. 

Following his introductory remarks, 
Vice-President McLendon introduced 
President W. A. Rice, Virginia Welding 
Supply Co., whose address entitled “Let's 
Talk About George’ was warmly received. 
A. E. Pearson, Chief Welding Engineer, 
Ingalls Iron Works Co., Birmingham, 
Ala., next spoke on ‘“‘A Customer’s View, 
of Welding Supply Companies.’’ The 
final speaker on Monday morning was F. 
C. Caluwaert, O.K.1. Welding Supply 
Co., Cincinnati, Ohio, who selected as the 
title of his talk, ‘‘Be Yourself.’’ 

The afternoon session opened with a 
very interesting address by James H. 
Gray, Editor, Albany Herald, Albany, 
Ga., on “Why I Came South.’ Follow- 
ing Mr. Gray’s address, a pane] of the fol- 
lowing three members discussed in a most 
interesting manner the subject ‘“‘We Are 
Reducing Operating Costs By - 
B. F. Conner, Delta Oxygen Co., Ine., 
Memphis, Tenn. (warehouse economies), 
J. L. Kirk, Jr., Pocahontas Welding Sup- 
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ply Co., Bluefield, W. Va. (delivery econo- 
mies); R. H. MeLean, Jr., Hampton 
Roads Welders Supply Co., Norfolk, Va. 
(office economies ). 

Charles L. Malott, Price-Bass Co., 
Nashville, Tenn., next discussed in a highly 
spirited manner “How to Stimulate Your 
Sales Organization.” 

Included on the afternoon program 
through the cooperation of Industrial Dis- 
tribution, a» MeGraw-Hill publication, was 
a presentation of the film, “Operation 
Teamwork.” 

The Tuesday morning session opened 
with a discussion of “The Importance of a 
Balanced Inventory—Its Value as a Sales 
Aid,”’ capably led by T. L. Andries, An- 
dries Welding Supply, Jackson, Miss., af- 
ter which delegates were privileged to 
hear an excellent address by E. A. Cleven- 
ger, Vice-President, Corley Mfg. Co., 
Chattanooga, Tenn., on “The Importance 
of Aggressive Merchandising.”’ 

The remainder of the session was de- 
voted to viewing the 120 slides of distrib- 
utors operations. The presentation of 
the program evoked considerable interest 


Three Concerns Team Up to Get 
Navy Off Spot 


Three companies have helped out the 
Navy through a combination of design and 
manufacturing methods. They are about 
to deliver to the Philadelphia Navy Yard 
a portal gantry crane of extraordinary 
reach and lifting capacity. 

The Navy found no equipment at Phila- 
delphia to reach the new and higher top 
hamper of the Essex class aircraft carriers 
which it is modernizing. So it called on 
the Derrick and Hoist Co., Inc., of Long 
Island City. 

The conventional riveting or bolting of 
forged or cast parts involved impossible 
patterns and costly procedures, and Der- 
rick and Hoist, in turn, called on the Acme 
welding division of the United Tool and 
Die Co. at West Hartford, Conn. 

It made the needed drums and bolsters 
out of steel weldments that assured 
smoothness and uniformity of strength. 
The American Bridge Co. is supplying and 
erecting structural steel parts. 

Powered by its own Diesel-electric 
generator with specially developed con- 
trols of great delicacy, the giant travels 
the dockside and swings its 230-ft. boom a 
full 360°. 

(Taken from the New York Times, 
Sunday, Dec. 27, 1953.) 


News of the Industry 


New Welding Safety Film 


Air Reduction has just produced a new 
sound slide film on safety in the use of 
oxy-acetylene cutting and welding equip- 
ment. 

The film, ‘The Guy Behind Your 
Back,” is a fundamental approach to the 
factors affecting safety when operating 
oxy-acetylene welding and cutting torches 
and cutting machines. It is specifically 
designed for companies to train their own 
emplovees. 


The story is presented in an amusing 
way by the use of many cartoons and an 
easy-going narrative. It is a light, but 
not comic, approach planned to make the 
serious business of safety in welding easy 
to absorb. 

Free showings of this 20-minute film may 
be arranged for by getting in touch with 
the Air Reduction office in your vicinity. 
Also, copies of the film may be purchased 
from any Airco office at the nominal cost 
of $15 each. 

Additional information may be obtained 
by writing Air Reduction Sales Co., 60 FE. 
42nd St., New York 17, N. Y. 


Fansteel Changes Subsidiary 
Name 


WW Alloys, Ine., Division of Fanstee] 
Metallurgical Corp., is the new name oil 
the wholly owned subsidiary formerly 
known as Weiger Weed & Co. 

The name change was announced re- 
cently by Robert J. Aitchison, Fanstee] 
Chairman of the Board. ‘The change 
was made to provide a name more truly 
descriptive of the division’s products and 
activities,’ stated Mr. Aitchison. 
several years, the division has produced 
spot-welding electrodes, seam welding 
wheels, water-cooled holders and other 
products for resistance welding. Now 
that the division is expanding into the pro- 
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AC WELDING 
MADE SIMPLER 


NEW LINCOLN PLANT CREATED BY INCENTIVE-INSPIRED CO-ACTION IN DEVELOPING F / Easy Current Selection. A few turns 


of “Fleetwelder’s’”’ dial-operated Con- 


tinuous Control select any current from 
a wide welding range. The exact weld- 
ing current is indicated on an illumi- 
nated dial that also shows whether the 
machine is turned on or off. 


@ Current Stays Set. Rugged holding 
devices maintain accurate current set- 
tings. There are no sliding mechanisms 
or moving coils to become loose as the 
arc is struck. 


N “FLEETWELDER” 


Melder 


Safe to Operate. ‘‘Fleetwelder’s” 


open circuit voltage is held to 71 volts 


for safety. Where specified, open circuit 


Gimp copacity 
voltage can be limited to 24 volts by an 


optional safety contactor. 


© Arc is Self-Starting. There is no 
more electrode sticking to slow up 
welding operations as on conventional 
AC machines when lighter currents and 
smaller electrodes are used. ‘‘Fleet- 
welder’s” Arc-Booster starts the arc 
instantly eachtimethe electrodetouches 
the work. 


ONLY FLEETWELDER’S HIGHER USEABLE CURRENT avatity comes Easier. Lincoln’s 
REALLY CUTS AC WELDING COSTS hot-start arc prevents cold overlaps 


insures instant penetration at the start 


It’s so... By taking advantage of Lincoln’s higher useable currents, you of every weld, an advantage for tack or 
can now weld faster...use larger diameter electrodes to cut AC welding plug welding. 

costs 10% and more. That is why the ‘‘Fleetwelder”’ starts saving money on 
your very first job... and for these reasons: 


1. Higher Useable Current There are more reserve amps...up to 50% 
added current... in the ‘Fleetwelder” to put to work on your welding 


jobs. As a result, you get more amps per dollar with Lincoln than with SEND FOR BULLETIN 


any other welder. 


2. Complete Overload Protection It is safe to operate at Fleetwelder’s”’ Complete description and 
additional current because of built-in thermostats that cut out the mag- specifications on“Fleetwelder” 
i ... eliminati nger of burn-out... @ feature found ; : : 
netic starter eliminating all dange f f 
only in Lincoln. 
‘ ‘i by writing on your letterhead. 
""Fleetwelder” Pays for Itself. Labor and overhead savings through “‘Fleet- , go") 


welder’s” faster operation return your investment in surprisingly short 
period. Have your Lincoln representative show you how. Write 


mae LINCOLN ELECTRIC company 


Dept. 1901 


CLEVELAND 17, OHIO 
THE WORLD’S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 


Fesprvuary 1954 
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duction of copper base alloys for other ap- 
plications, a name of a more metallurgical 
nature is desirable.’ 

The headquarters of WW Alloys, Inc., 
is 11644 Cloverdale Ave., Detroit 4, Mich. 


Arc Welding Sets 


Units Ordered, Excluding Exports 


Transformer 
owen OC Sets Welders 
Genero- Limited 
Motor Engine tors Input 
Orive Orive Only Type Type 
1,757? 562 27 1,195 1,227 
Feb 1,593t 715 39 1,242 
Mar 1,.669t 1,008 73 «1,706 1,410 
Apr 1,558t 819 19 1,463 1,217 
May 1,402? 887 24 1,180 831 
June 1,314f 1,096 47 1,040 125 
July 1,3371 826 32 1,076 
Aug 1,260? 726 27 925 601 
Sept 1,398t 836 38 788 677 
Nov. cone 
1952 .. 18,932 11,104 277 16,794 18,489 
Jan 1,546 1,119 1,362 1,496 
Feb 1,517 933 26 1,471 1,923 
Mar 1,569 784 40 1,642 1,899 
Apr 1,329 1,277 21 1,476 1,941 
May 1,872 1,025 5 1,596 2,087 
June 1,401 975 13 1,438 1,518 
July 1,182t S47 35 1,233 1,235 
Aug 2,157t S11 24 14% 1,353 
Sept 1,565t 761 1,535 1,374 
Oct 1,588t 1,059 7 1,158 1,442 
Nov 1,471f 768 981 392 
Dee 1,735t 745 46 1,303 1,1" 
1951 13,048 10,333 485 15,645 16,964 
1950 10,115 8,207 272 9,652 16,674 
1949 7.393 6,193 256 7.295 12,047 
1948 10,927 10,435 385 8,792 13,690 
1947 13,677 10,822 1,169 9,719 13,034 
1946 16,467 10,622 2,818 1,093 16,949 
1945 20.716 8,776 2.795 21,448 
30,230 6,023 3,140 15,426 
1943 30,437 4.747 2. 4.439 
1942 60,264 5,051 2,674 8,236 
1941 35,856 4.412 1,415 4,217 
1940 13,646 2.649 1,168 2.478 


* Incindes rectifier type 
National Electrical Manufacturers Association 


Taken from 1954 Steel Metalworking 
Yearbook 


Employment 


Position Vacant 


V-307. Young Engineer wanted. A 
nationally recognized cooperative welding 
research organization desires to secure the 
services of a graduate mechanical or metal- 
lurgical engineer to act as executive sec- 
retary of a large, important committee in 
the pressure vessel field, with a number of 
subcommittees. Man with good person- 
ality, some research experience, report 
writing desired. Opportunities for ad- 
vancement. Salary to start $6000 to 
$6500, depending on age and experience. 


Services Available 


A-644. Welding Supervisor, 23 years in 
welding field, last 14 in supervision of weld- 
ing and cutting and related crafts. Nine 
years with two major oil companies in 
South America. Thorough knowledge 
abrication of mild steel plate and _ pipe, 
low- and high-alloy materials; visual, 
Magna-Flux and X-ray inspection. Ample 
job-shop and ship repair. Interested in 


Shipments in Pounds 
Mild Stee! 


1953 
9 Mos.. 341,005,772 64,522,338 1,574,249 
Jan. ... 48,053,802 
Feb. ... 42,907,987 8,501,619 


Mar. ... 47,248,343 9,208,469 
Apr. ... 41,415,452 8,821,643 
May ... 40,753,719 6,744,714 
June ... 36,622,679 7,366,452 


July ... 28,902,745 5,980,897 
Aug. ... 25,656,698 
Sept. .. 29,444,347 5,095,854 


WELDING ELECTRODES 


Alley Nonferrous 


407,092,359 1952 
135,197 56,045,754 
248,148 51,657,754 1951 
288,454 56,735,266 
136,235 50,373,330 
221,600 47,720,033 
136,685 44,125,816 
121,047 35,004,689 1949 
168,704 30,771,337 
118,179 34,658,380 1948 


1952 ..... 425,290,499 82,633,922 1,519,208 
2061 ..... 413,444,913 65,903,970 1,361,836 


1950 ..... 322,954,832 42,574,710 1,861,686 
1949 ..... 273,463,740 24,753,807 1,715,362 


2068 ..... 369,019,831 30,214,928 2,124,496 
1947 ..... 307,756,495 25,172,382 2,149,768 


1946 ..... 284,126,356  24,991,208t 


2906 ..... 435,789,217 59,029,938t 
1944 ..... 707,756,964 69,236,137 
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t Includes both alloy and nonferrous electrodes. 


National Electrical Manufacturers Association 
Taken from 1954 Steel Metalworking Yearbook 


505,000,000 
509,443,629 
480,710,719 
367,391,228 1945 
299,932,900 
401,359,255 1944 
335,078,645 
309,117,564 1943 
494,819,155 
776,993,101 1942 
971,929,782 
666,965,595 
152,863,373 


* Estimated. 


News of the Industry 


foreign or domestic employment. Family 
man and good habits. Résumé upon re- 
quest. 


A-45. Welding Foreman. Sixteen 
years’ experience, including supervisor 
of manufacturing department; liaison be- 
tween design engineering and manufactur- 
ing departments in new designs, methods 
and procedures; responsibility for con- 
ducting tests of welding methods, tech- 
niques and new equipment; instruction and 
testing of welders; time studies and plan- 
ning of assembly sequence. Full know!l- 
edge of are and acetylene welding and 
burning, high-pressure vessel work, sub- 
merged are welding. Familiar with low 
chrome alloys, stainless steel, ete. Age 37, 
married, Further details upon request. 


§ A-646. Welding Supervisor, 37 years of 
age. Experienced as welder, welding in- 
structor, foreman, inspector and_ liaison 
work. Heavy in production welding of 
road-building equipment. 


A-647. Metallurgical Chemist with 
long experience in welding research and in 
designing and manufacturing coatings for 
are welding electrodes and brazing rods. 
Knowledge of foreign languages. Résumé 
upon request. 


YEARLY TOTALS—— MILLIONS OF POUNDS 
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NEW INVENTION 


greatest development in 


cylinder manifold design and con- 


struction in over four decades. 
Now you can assemble a cylin- 
der manifold right on the job, 
without special tools; it can be 
shipped in ordinary boxes and 
put together with the ease ex- 
pected of a modern “erector set.” 
All parts fit snugly, leakproof 
and assure accurate over-all di- 
mensions. 


And 


when desirable, the 
manifold may be expanded to 
meet increased gas capacity or 
you can take it apart for removal 
or storage; the newly invented 
“differential thread” joint makes 
all of these long hoped for quali- 
ties a reality. 

NOW--you are the doctor: you may design and assemble cylinder manifolds to meet 
YOUR NEEDS and SPACE REQUIREMENTS RIGHT ON THE JOB—and your cylin- 
der manifold will never become obsolescent or inadequate. YOU CAN EXTEND IT AT 
YOUR WILL. GET THE FACTS... WRITE TODAY ...GET THIS EXCITING NEWS 
ABOUT A REALLY GREAT IMPROVEMENT IN CYLINDER MANIFOLD DESIGN 
AND ASSEMBLY METHOD. 


DEALERS AND DISTRIBUTORS NOTE: 
now you can carry IN STOCK all of the 
parts needed for any size or type of cylinder 
manifold ... no loss of orders because you 
must await a factory shipment. Why not 
write today for full information —it’s worth 
your time. 


/ WELDING EQUIPMENT CO., Son Francisco 5, California’ 
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LITERATURE 


Ampco 8 Welding Procedures 


Ampco 8 sheet and plate which is avail- 
able in all thicknesses for fabrication can 
be welded by all of the are-welding proc- 
esses, Le., carbon-are, metal-are, inert- 
gas tungsten-arc, inert-gas consumable 
electrode and submerged-are 

Detailed welding procedures are avail- 
able upon request covering all of the 
above welding processes from Ampco dis- 
tributors or direct. from Ampco Metal, 
Inc., Milwaukee 46, Wis. 


Alloys and Fluxes 


Just published is a handy, pocket-size, 
buyers guide to the complete line of All- 
State allovs and fluxes for welding, braz- 
ing, soldering, cutting and tinning practi- 
cally all of the commercially used metals. 

Though the new guide covers many more 
products than had been offered previously, 
it has been edited to condense complete 
buying information into 24 pages, 3'/, x 
6 in., as compared with 32 same size pages 
required earlier, The data have been bet- 
ter arranged and set in larger type. 

Copies may be obtained from any All- 
State distributor and from All-State Weld- 
ing Alloys Co., Ine., White Plains, N.Y. 


Tweco Products 


Tweco Products Co., Wichita, Kan., has 
just released a new 12-page catalog cover- 
ing their complete line of electrode hold- 
ers, ground clamps, cable connectors and 
eable accessories for are welding. 

Identified as the Twecolog No. 9, this 
colorful new catalog contains full informa- 
tion on the Tweco line, including con- 
sumer quantity prices. It will be of in- 
terest to those engaged in are welding. A 
copy will be sent on request. 


Exhausters 


Ten Torit exhausters are described in a 
new folder just issued by the Torit: Manu- 
facturing Co. Ranging in capacity from 
350 to 4000 cfm, these exhausters will re- 
move fumes, odors, gases, ete., from indus- 
trial operations such as welding, soldering, 
metallizing, in fact wherever these fumes 
may be safely discharged out-of-doors. 

Compact, portable units, these Torit 
exhausters may be installed simply and 
economically with flexible metal or rubber 
tubing to suction fumes directly from the 
immediate working area. Ventilation is 
provided only at the time the operation is 
being performed, to minimize power con- 
sumption, 

For complete information write the 
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Torit) Manufacturing Co., 271 Walnut 


St. Paul 2, Minn. 


Stranded Electrodes 


“Stranded Electrode Materials for Air- 
comatie Welding”’ is the title of a new 12- 
page reprint being offered by Air Reduc- 
tion, 

Reprinted from THe JOURN AL, 
this article discusses the use of stranded 
wires in the inert-gas-shielded metal-are 
consumable electrode Airecomatic welding 
process, 

Some of the points covered include: 
construction of stranded electrodes with 
close-up photographs showing how the 
wires are interwoven; welding character- 
istics of a stranded electrode with photo- 
micrographs of deposits; and case history 
applications complete with illustrations 
showing where stranded electrodes have 
been used with success, 

A copy of this booklet may be obtained 
by writing Air Reduction Sales Co., 60 b. 
f2nd St., New York 17, N.Y. 


Welding Bulletin 


Welding with Ampco Bronze Electrodes- 
Filler Rod-Wire is the title of the new 24- 
page Bulletin W-17 recently issued by 
Ampeo Metzl, Ine., Milwaukee, Wis., 
describing the complete line of products for 
use with metal-are, carbon-are, inert-gas 
tungsten-are, submerged-are and inert-gas 
consumable electrode processes. 

A copy of this bulletin can be secured 
from Ampco distributors, Ampco represent - 
atives or by writing direct to Ampco 
Metal, Ine., Milwaukee 46, Wis. 


Resistance Welding of 
Aluminum and Aluminum 
Alloys 


Continuing its series of bulletins on vari- 
ous phases and applications of resistance 
welding, the Resistance Welder Manufac- 
turers’ Association has just released a new 
bulletin--No. 18 in the series—entitled 
Aluminum Welding. 

This bulletin covers in detail the prep- 
aration of aluminum and aluminum alloys 
for welding, as well as giving the technical 
aspects of the welding process. 

The 21-page booklet contains a number 
of helpful diagrams and tables, as well as 
many photographs. 

Copies are obtainable at the headquar- 
ters of the Resistance Welder Manufac- 
turers’ Association, 1900 Arch St., Phila- 
delphia 3, Pa., at 20€¢ each. 


New Literature 


Farm Are Welding 


This new handbook for building, repair- 
ing and servicing farm equipment by V. J. 
Morford, Professor, Department of Agri- 
cultural Engineering, Iowa State College 
of Agriculture and Mechanic Arts, was first 
printed in January 1954. It contains 456 
pages with 742 drawings and photographs; 
gives plans, bills of materials and sugges- 
tions for hundreds of farm projects and is 
bound in semiflexible board, covered with 
gold embossed simulated leather. 

This book may be ordered direct from 
The James F. Lincoln Are Welding Found- 
ation, Cleveland 17, Ohio. Price $2.00 in 
USA; $2.50 elsewhere. Postage prepaid. 


Welding Flux 


A pamphlet describing the use of a new 
Solar welding flux——Type 202, for welding 
aluminum and its alloys——is obtainable 
from Solar Aircraft Co. 

A major advantage of the new alumi- 
num flux is that the welder has a clear view 
of the naked puddle, and no wiping is nec- 
essary. Another cost-saving feature is the 
effective cleaning action of Type 202, 
which eliminates the need for pickling 
prior to welding. 

Copies of the booklet on Solar 202 flux 
can be obtained from the Flux Depart- 
ment, Solar Co., 2200 Pacific 
Highway, San Diego 12, Calif. 


Leather and Asbestos Garments 


A new, illustrated, four-page, two-color 
folder on the uses for and many outstand- 
ing features of Amcoweld leather and as- 
bestos garments for the protection of weld- 
ers has recently been published by Eastern 
Equipment Co., Inc., Willow Grove, Pa. 
Included in the folder is a description of 
such garments as capes, coat, Jacket, pants, 
chaps, sleeves, bibs, gloves, mitts, spats 
and aprons all made to highest standards 
from pearl gray, soft, pliable, heat-resist- 
ant, chrome-tanned leather. A helmet 
with headgear and a chrome leather elec- 
trode carrier are also illustrated and de- 
scribed. Asbestos garments including five 
finger gloves, leather faced gloves, finger 
mitts and reinforced mitts all made from 
Underwriters’ grade asbestos cloth and 
double stitched to provide long service life 
are illustrated and described in another 
section of the folder. 

For your free copy of ‘“Amecoweld 
Leather & Asbestos Garments for Weld- 


ers,”’ write Eastern Equipment Co., Ine., 
Willow Grove, Pa. 
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Welding End Specifications 


The practice of welding valves into lines 


for high-pressure, high-temperature serv- 


ice is becoming more and more prevalent, 


and with it has come a need for dimen- 


sional standardization. In an effort to 
meet this need, kdward Valves, Ine., a sub- 


sidiary of Rockwell Manufacturing Co., 


has published «a bulletin listing socket 


welding end and butt welding end di- 


mensions as approved by the AMERICAN 
WELDING Society 
Socket welding end dimensions are 


given for valves 2 in. and smaller. Butt 


welding end dimensions are given for pipe 


sizes from 2'/, to 16 in. Included in the 


bulletin are four diagrams indicating the 


standard preparation of valve butt weld- 


ing ends. The 4-page bulletin, No. 507 


may be obtained by writing to Mdward 


Valves, Ine., East Chicago, Ind. 


Good Painting Practice 


The Steel Structures Painting Council, 
4400 Fifth Ave., Pittsburgh 13, Pa., has 
issued « volume of 423 pages, x 11'/,, 


on every phase of painting steel structures 
The book sells for $5.00 per copy. There 
is a section relating to the effect of painting 


on welding. 


TAREE NEW GUIDES 


Why You Should Use... 
PAGE Automatic Welding Wire 


@ PAGE Automatic Welding Wire is made to rigid specifications 
which provide consistent characteristics for smooth flow of metal 
during continuous or intermittent welding. There are many 
analyses for a wide variety of uses. 


Now you can accurately, easily flame cut all for INERT GAS Welding 


kinds of shapes — circles, angles, bevels, PAGE Stainless Steel Wire is precision thread-wound on 25-lb. 
straight lines. NEECO cutting guides convert 


ordinary hand torches into precision cutting non-returnable convenient reels which fit popular arc welding 

instruments. Attached quickly — without machines. Six Page-Allegheny grades; wire diameters: .035”, 

tools. Neat, clean cuts need little or no 045”, .0625”. 

grinding or machine finishing. Models to fit : 

all torches, from 70° to 90° types. Cut circles for SUBMERGED ARC Welding 

PAGE stainless, low alloy, and carbon steel wire in layer-wound 

should have these new guides — as basic, 

time saving tools or as standby equipment. coils, in 22” or 24" mill coils, or on 200-Ib. returnable steel reels. 
The new NEECO guides are of three types Wire diameters from 1/32” to 5/16”; copper coated if desired. 


—for small circles (shown above), for large 
circles, and for straight lines. 
Write for illustrated Bulletin 101 and 
model selection data. 


.| Precision Flame Cutting 
—Fast and Exact! 


NEW ERA ENGINEERING COMPANY 
458 West 29th St., Chicago 16, Illinois 


to our Monessen, Pennsylvania office 
for Bulletin DH-402 


AMERICAN CHAI? 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portland, San Francisco, Bridgeport, Conn. 
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HOW TO DO IT 


Condensed Versions of ALL an Operator 
Needs to Know to Swing to 


EASIER WAYS 
of Welding, Brazing, Soldering, 
Tinning, Cutting 


FREE!! 


Which one do you want? 


All-State W Co., ae 
Pains, 


I've checked the “How to Use and 
Apply” folder want. 


Mr @ 00c ALLOYS KIT — 


Generous sampler of. 
11 torch applied ALL- 
= STATE alloys, 8 fluxes, 
1 galvanizing powder. 


MALUMINUM and 

wt ALUMINUM ALLOYS — 
World's most complete 
line of aluminum alloys 
an 


PER-BEARING ALLOYS 
ALL-STATE alloys 
and fluxes for work on 
‘copper and copper- 


MSTEEL—13 
STATE alloys and fluxes 
for work on STEEL. 


PERSONNEL 


H. A. Campbell Heads Fatigue 


Committee 


The Resistance Welding Research Com- 
mittee of the Welding Research Council 


has appointed H. A. Campbell, Chief, En- 


gineering Laboratories of the Bell Aircraft 
Corp., as Chairman of the committee to 
improve the fatigue properties of spot- 
welded joints subjected to cyclic loading. 
Endurance limits of spot-welded joints 
are notoriously low when subjected to ey- 
clic loads regardless of the material 
joined. A comprehensive program is be- 
ing prepared at Beole Polytechnic Insti- 
tute, Montreal, to bring about improve- 
ment in the fatigue properties of such 
joints. A number of aircraft companies 
are vitally concerned. 

Mr. Campbell has held various positions 
including Electrical Engineer with the 
Consolidated Aircraft Co., 1928-39. He 
then joined the Solar Aircraft Corp. as 
Manager of the Research Staff, which po- 
sition he held until 1947. In the following 
vear he served as Aerodynamics Enzineer 
of the Fletcher Aviation Corp. He then 
became active as Executive Engineer with 
Frederick Flader, Inc. Since 1950 he has 
been Chief of the Engineering Laboratories 
of the Bell Aircraft Corp. He is a member 
of the AMERICAN WELDING Society. 


Skog Retires 


The firm of $ Sargent & Lundy, Consult- 
ing Engineers, 140 8S. Dearborn St., Chi- 
cago, announces the retirement of 
Ludwig Skog, Senior Partner, as of Dec. 
31, 1953. 

Mr. Skog was born and educated in Nor- 
way, receiving his mechanical engineering 
degree from Trondheim Polytechnic Insti- 
tute in 1909. He joined the staff of Sar- 
gent & Lundy in 1910 and became Senior 
Partner in 1947. 

Mr. Skog is widely known in engineer- 
ing circles and is considered as one of the 
most outstanding electric power station de- 
sign engineers in the country. He is a 
Fellow of The American Society of Me- 
chanical Engineers, a member of the A- 
merican Society for Testing Materials, 
AMERICAN WELDING Society and has been 
a member of the Board of the Western So- 
ciety of Engineers. He is a member of the 
Board of Trustees of the Illinois Insti- 
tute of Technology and a member of the 
Executive Committee of the Armour Re- 
search Foundation. He is also a member 
of the Union League Club, the Chicago 


‘Club and the Norwegian Club. 


Personnel 


Paton Promoted 


W.G. Paton, Vice-President in charge of 
the Steel Fabricating Division and tech- 
nical personnel and also Assistant Secre- 


Austin Co., has been elected 
He joined the company in 


tary of the 
Secretary. 
1919 as a structural engineer, 


Blackford Appointed General 
Sales Manager 


Progressive Welder Sales Co., 3070 EF. 
Outer Dr., Detroit 34, Mich., announces 
the appointment of Lester J. Blackford 
to the position of General Sales Manager. 
Mr. Blackford has been in charge of the 
Viking Sales Division. 

A graduate of St. Mary’s College of 
Oakland, Calif., Mr. Blackford brings an 
impressive record of welding experience 
and Sales Management to his new posi- 
tion. 

His world-wide experience 
service as Construction Superintendent 
of the Anglo-I[ranian Oil Co. at Abadan, 
[ran; Welding Engineer for Kaiser Ship- 
building, Inc., of Portland, Ore.; Hull 
Superintendent for Ingalls Shipbuilding 
Co. of Pascagoula, Miss.; Sales Represen- 
tative for Gibson Welding Supply of Spo- 
kane, Wash.; and Sales Manager of ra ld- 
ing Equipment and Supply Co. of De- 
troit, Mich. 

Mr. Blackford is well known in the weld- 
ing field as a leading authority on all types 
of are welding and are welding fixtures. 
He is a member of the AMERICAN WELD- 
ING Society and the Engineering Society 
of Detroit. 


includes 
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Radiograph of repair weld 


SAVED... 


6624% in cost, 


75% in time — 
because 


RADIOGRAPHY proved welds sound 


( encks showed up in the shell of this stain- 
less steel sphere. A new one would cost plenty — 
take priceless time. 

But since radiography could prove welds sound 
and in conformance with code, stainless patches 
were welded in. The sphere went back to work in 
one fourth the time and at one third the cost of a 


new replacement. This is the way radiography 
helps extend the use of welding and widen oppor- 
tunities for welders. 

4 
Wouldn’t vou like to know how it can help you 
increase your business? Get in touch with your 
x-ray dealer and talk it over. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


Radiography — 


another important function of photography 
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PRODUCTS 


Airco Torches 


Two new Air Reduction torches are now 
available to industry, the stvle 400 and the 
stvle 300, 

The Airco 400 is especially designed for 
light welding and brazing operations such 
as automobile bodies, airplane fuselages, 
kitchen utensils, metal furniture and a host 
of other light fabrication and repair appli- 
eations. The Airco 400 is in. in 
length and weighs but 6 0z. A corn-cob 
handle assures a firm, steady grip. A cut- 
ting attachment is available for this torch 
which quickly adapts it for oceasional eut- 
ting jobs 


amco wo 


The Airco Style 300 is a compact, light- 
weight torch designed primarily for oxyv- 
acetvlene burning or welding of lead prod- 
ucts—sheet, pipe and storage battery 
parts. It is also suited for jewelry repair 
work, automobile radiator soldering and 
light production welding. This torch 
weighs 5 oz and is 2'/2 in. in length. 

Both torches have ball-type oxygen 
and acetylene valves which are positioned 
for easy thumb adjustment and a variety 
of tips, mixers and extensions are available 
for these torches. For more detailed in- 
formation request form ADC 721 by 
writing Air Reduction Sales Co.. 60 E. 
42nd St., New York 17, N.Y. 


Manganese-Nickel Steel 
Welding Electrodes 


After years of intensive research and 
testing, the Stulz-Sickles Co. of 134 Lafay- 
ette St., Newark, N. J., has developed 
the new Flo-Kote, 11 to 13'/2% manga- 
nese-nickel steel welding electrode. 

These a-c or d-c welding electrodes run 
as easily as any mild steel electrode. 
They are 11 to 13'/.% manganese- 
nickel and provide all the advantages of 
tough, ductile manganese-nickel steel weld 


174 


deposits. Flo-Kote welding electrodes 
weld in all positions —overhead, vertical 
or downhand, and join dissimilar metals 

They eliminate all the special tech- 
niques of application required in welding 
manganese-nickel steel. No peening is 
necessary, 

Flo-Kote ean easily be cut with an or- 
dinary oxy-acetyvlene flame. 


Inert Are Welder 


A radically new welder designed to fur- 
ther the advances made with the “sigma’’ 
(shielded-inert-gas_ metal-are process) by 
maintaining stable welding conditions re- 
gardless of are variations is this new recti- 
fier type 500-amp 100% duty cycle welder, 
announced by Miller Electric Manufactur- 
ing Co., Appleton, Wis. It consists es- 
sentially of closely coupled three-phase 
transformer, saturable core type three- 


phase reactor in the primary cireuit, con- 
trol windings and selenium rectifier 
stack. Welding operations are extremely 
simple. Remote control, using either foot 
or hand operated unit, is available and pro- 
vides a wide choice of welder location 
Any number of these new “‘sigma’’ weld- 
ers can readily be paralleled to produce 
greater output. Panel mounted voltmeter 
and ammeter can be supplied. The rug- 
ged rectangular drip-proof cabinet has 
removable sides and top cover that permit 
ready access to all parts. 


New Tempilstiks 


Tempil® Corporation can now supply 
from stock Tempilstiks® for 425° and 
475° F. 

Tempilstiks® are now available in the 
range 113° to 400° F in 12'/,° intervals, 
in the range 400° to 500° F in 25° F steps, 
andin 50° F intervals from 600° to 2000° F. 


New Products 


Welding Head for Automatic 
Welding 


A new type of automatic welder which 
adapts to a wide range of weldments has 
been developed by the Pandjiris Weld- 
ment Co., St. Louis, Mo. 

Called the welding head manipulator, it 
works as a “robot pilot’? which guides the 
welding head smoothly without manual 


assistance, 


Unlimited maneuverability makes the 
manipulator easy to adapt to any type of 
weldment. It may be used in conjune- 
tion with all types of turning rolls and po- 
sitioners, 

1. Power car moves up or down track 
at selected, variable welding speeds 
Rapid traverse return. 

2. Boom travels in or out at selected, 
variable welding speeds. Rapid return. 

3. Boom moves up and down. Head 
lowers to floor level. 

4. Mast with boom rotates 360° on 
power car, 

5. Welding head swivels 180°. 

The operator merely selects the speed, 
pushes the buttons and watches the gages. 
It’s entirely automatic. 

All tachometers, gages and push buttons 
are mounted together on a central control 
panel which swings in a 90° are. Flux 
dispensing and recovery system and power 
welding machine are mounted on the mast 
to prevent snarling of power leads, control 
circuit cables and flux handling network. 

Boom and saddle ride on adjustable, 
friction-free rollers. Antifriction bear- 
ings are used throughout. Precision cone 
drive primary reduction housings prevent 
backlash. Power car runs on portable or 
fixed track sections. Electrical protective 
devices stop boom and power car at the 
end of weld seams. 
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than any other A.C. welder 


The A. O. Smith Champion Heavy-Duty A. C. Welder 


Available in 300-, 400-, 
and 500-Amp. models. 


3 


LIFE EXPECTANCY CHART 


+ A. O. SMITH CHAMPION 


WELDER 


wisconsin, 


4,000 


6,000 8,000 10,000 
Operating Hours 


Temperature Rise Determines Machine Life 


According to the Insulation and Aging 
versus Temperature Curves, as published 
by the A.LE.E. .. . the cooler a welding 
machine operates, the longer its production 


life. 


The A. O.Smith Champion is the /y A.C. 
welder on the market with enough cop- 
per and cooling capacity to operate 
without exceeding a 55° C. temperature 
rise—as compared to the 90° C. rise 
allowed by N.E.M.A. for glass-insulated 
welders. 


This means: The Champion will give you 
top pcoduction efficiency almost twice 


Fespruary 1954 


as long as any other A. C. welder on the 
market today. 


Built for those who want the best in weld- 
ing, the Champion has a full 75 open 
circuit volts, high-velocity down-draft 
ventilation, all-weather case, 121 KVA 
power factor correction and stepless 
current control. 


For additional information on welding 
machines, electrodes and accessories, 
see your local A. O. Smith distributor 
or write to A.O.Smith Corporation, 
Welding Products Division, Milwaukee 
1, Wisconsin. 


O.Smi 


AT O N 


WELDING PRODUCTS DIVISION 
Dept: WJ-853, Milwaukee 1, Wisconsin 
INTERNATIONAL DIVISION: MILWAUKEE 1 

Made by welders... for welders 
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“CADDY HOLDERS 

by going far beyond the regular j jaw and tong insuletors found 
‘on competitive holders to give most fully 


COOLER because of 


6 major insulation features : 


1. The location of the CADWELD 
connection of the cable to the 
jaw is 4” forward from the 
operator’s hand. In other hold- 
ers it is right under the opera- 
tor’s hand. 


2. The operator's hand is over a 
fully ribbed handle reducing 
normal contact surface 50%. 


3. The body carries no current. 


4. Fully insulated cable runs practically all the way through 
the handle. 


5. The tong spring is seated on the non current carrying steel 
body plus additional insulators at both ends. 


6. The cable gripper prevents the cable from flexing or pull- 
ing out at the weld. 


CONNECTED BY THE CADWELD PROCESS 


ERICO propucts, Ine. 
2070 E. 61st PLA 
CLEVELAND. 


New Products 


The “manipulator” is available in stand- 
ard models (on power cars or fixed base) 
with vertical boom travel from floor leve! 
to 24 ft—longitudinal boom travel up to 
30 ft. 

Further information may be obtained 
by writing The Pandjiris Weldment Co., 
St. Louis, Mo. 


Electrode Doubles Welding 
Speed 

Air Reduction has just announced the 
availability of a new type welding elec- 
trode based on a principle that is different 
than any other commercially 
electrode. This new electrode, known as 
Airco “Easyare 12,” is for welding mild 
steel at speeds doubling those obtained 
with conventional electrodes. 

The tremendous increase in speed is 
achieved through the addition of a large 
amount of powdered metal to the electrode 
coating. The powdered metal change- 
the are action so that welds can be made 
by dragging the electrode in contact with 
the plate. Because the metal powder be- 
comes part of the weld bead, faster weld- 
ing is achieved. Weld spatter is decreased 
to less than half that obtained with regular 
electrodes. 

The weld beads are exceptionally smooth 
and the weld metal is of high strength, 
good ductility and excellent X-ray sound- 
ness. 

Airco “Easvare is recommended for 
the fabrication of mild steel involving 
plate and rolled sections. 

For complete details on this electrode 
request a copy of bulletin ADC 650, by 
writing to Air Reduction Sales Co., 60 
Ii. 42nd St., New York 17, N. Y. 


available 


Aluminum Welding Rod 


A new, specially coated, rod announced 
by All-State Welding Alloys Co., Ine., 
249-55 Ferris Avenue, this city, is for both 
carbon are and torch welding aluminum. 

The new rod is designed specifically for 
work on aluminum types 38, 148, 438. 
528, 538 and 61S. It’s field testing has 
focussed primarily upon the general fabri- 
cation of these types, and the gamut of 
end products has included tanks, shapes 
and containers, as well as light gauge 
joining involving butt, lap, edge and cor- 
ner work. 

User benefits noted are: (a) increased 
speed of application without any sacri- 
fice of physical properties, (6) sound, 
porosity-free welds of good appearance. 
(c) less distortion of work, and (d) flexi- 
bility in choice of carbon are or torch. 

The new product is to be marketed as 
All-State No. 35 F. C. Aluminum Rod 
(flux coated). Diameters are 3/32, 1/8, 
5/32 and 3/16 inch. Length, all sizes, 
is 28 inches. Standard 5-lb convenience 
packages with the rod wrapped in wax 
paper, as well as the rod in bulk will be 
available through some 700 All-State 
Distributors. 
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New G-E Fillerarc Equipment 
Widely Acclaimed by Industry 


Dependable, low-cost operation and wider application praised 


in new consumable electrode gas-shielded welding equipment 


Demand for new G-E Fillerarc equipment for con- 
sumable electrode gas-shielded welding is the greatest 
in G-E Welding history. At the Metals Show, at G-E 
Distributor demonstrations, and in customer plants, 
Fillerarc equipment has proved its merit as the 
leading equipment for this high-speed process. 


BURN-BACK AND STUBBING MINIMIZED 


Of course customers are amazed by the high speeds 
of Fillerarc equipment and by how fast operators 
pick up Fillerarc technique. But their greatest praise 
is for reduction of burn-back and stubbing prob- 
lems which plagued operators of other equipment. 


WELDER, GUN, WIRE-DRIVE FORM PACKAGE 


Ease of operation and minimum trouble are built-in 
features of new Fillerarc equipment. Here’s why: 


Fillerarc Welder has a self-regulating generator with 


a rising volt-ampere characteristic which maintains 
desired arc length automatically. What’s more, you 
can change wire speed even while you are welding and 
the current is always right. 


Fillerarc Gun pulls wire into gun, permitting the use 
of smaller wire. Result: you can weld thinner sections 
than ever before possible. 


Fillerarc Wire-drive is powered by a Thy-mo-trol* 
drive and dynamically braked to give you precise 
wire-feed control. Dial gives continuous wire-speed 
indication—no need to time and measure. 


If you haven’t yet seen Fillerarc equipment in ac- 
tion, contact your G-E Welding Distributor today. 
He can give you full data and arrange a demonstration. 
He’s listed here and in the yellow pages of your phone 
book under ‘‘Welding Equipment—General Elec- 
tric.”” General Electric Co., Schenectady 5, N.Y. 


*Reg. Trade-mark of General Electric Company 710-15 


P.$.: Your G-E Welding Distributor can furnish filler wire for this process. Ask him for a quotation to your specifications. 
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Now—a Plastic Ventilated Helmet 


The famous G-E ventilated helmet 
is now available in plastic to give 
you the last word in comfort, con- 
venience, and long life. 


FOR YOUR COMFORT 


eG.E.’s famous ventilated design 
provides a cool head on the job. 
@ Moisture-proof headgear assumes 
head shape exactly—but won’t 


warp. 
e Ratchet-type device makes exact 
head-size adjustment simple. 


e New four-position stop meets 
vertical and overhead needs, too. 


FOR LONG LIFE 


e@ Seamless plastic construction has 
excellent strength. 

e Plastic shell is moisture-proof 
and heat-resistant. 


Avoid fatigue, get real comfort 
and convenience on the job with the 
new G-E plastic ventilated helmet 
—lift-front or stationary type. 


Columbia Iron Works Selects W-612A 


In choosing an electrode for shop- 
welding structural roof joists, Col- 
umbia Iron Works of St. Louis was 
looking for the best available com- 
bination of weld quality, speed, 
and usability. 

After tests, they selected G-E 
Type W-612A electrodes as tops 
for this job. Columbia is mighty 
pleased with the results, too, be- 


cause W-612A helped them com- 
plete delivery in 20% less time than 
originally estimated. 

This successful application of 
W-612A—-one of more than 70 
arc-welding electrodes supplied by 
G.E.—is another example of “‘bal- 
anced electrode design for best 
over-all results.” 


You'll Find the Best Electrode for Your Job 
in the G-E Line—Most Complete in the Industry 


GENERAL ELECTRIC 


1954 


G-E WELDING DISTRIBUTORS 


Aleboma: Birmingham—Alabama Oxygen, Young & 
Vann Supply; Mobile—Turner Supply 

Arizona: Phoenix—Consolidated Welding Supply 
California: Fresno, Los Angeles, Oakland, Sacramento, 
San Diego, San Francisco, Ventura—Victor Equipment 
Colorado: Boulder, Colorado Springs, Denver, Durango, 
Ft. Collins, Ft. Morgan, Greeley, LaJunta, Longmont, 
Pueblo, Sterling—Hendrie & Bolthoff 

Connecticut: Hartford, New Haven—Harris Sales & 
Service 

Florida: Holl ywood—Fliorida Gas & Chemical 

Georgia: Atlanta, Macon—Welding Supply & Service; 
Augusta—Marks Oxygen; Columbus—Williams W eld- 
ing Supplies 

Idaho: Boise—Olson Manufacturing 

IMinois: Chicago, Moline, Morton, Rockford—Machin- 
ery & Welder 

Indiana: Evansville—Drillmaster Supply; Ft. Wayne, 
Indianapolis—Sutton-Garten; South Bend—Perry W eld- 
ing Sales & Service 

lowa: Des Moines—Machinery & Welder 

Kansas: Hutchinson—Kopper Supply 

Kentucky: Lovisville—Reliable Welding; Paducah— 
Henry A. Petter Supply 

Lovisiana: Alexandria, Shreveport—Hughes Oxygen; 
New Orleans—Consolidated Welding Supplies 
Maryland: Baltimore—Arcway Equipment 
Massachusetts: Boston—New England G-E Welding 
Sales Division 

Michigan: Detroit—Welding Sales & Engineering; 
Grand Rapids—Miller Welding Supply 

Minnesota: Duluth—W.P.&R.S. Mars; St. Pavl—Pro- 
duction Materials 

Mississippi: Jackson—Jackson Welding & Supply 
Missouri: Kansas City—Hohenschild Welders Supply; 
St. Louis—Machinery & Welder 

Montana: Billings—Valley Welders Supply; Billings, 
Bozeman, Cut Bank, Glasgow, Great Falls, Havre, 
Kalispell, Miles City, Shelby, Sidney, Whitefish— 
Valley Motor Supply; Butte, Great Falls—Montana 
Hordware 

Nebraska: Lincolh—tincoln Welding & Supply; Omaha 
—Baum Iron 

New Jersey: Kenilworth—W elding Sales Corp. 

New Mexico: Albuquerque—industrial Supply Co., 
Hobbs—Western Oxygen; Las Cruces, Silver City— 
Car Parts Depot, inc. 

New York: Buffalo—Welding Equipment Sales; New 
York—Welding Sales Corp.; Syracuse—Welding 
Engineering & Equip. 

North Carolina: Charlotte—Dixie Gases; Gastonio— 
Gastonia Motor Parts 

North Dakota: Bismarck, Fargo—Acme Welding Supply 
Ohio: Akron, Cincinnati, Cleveland, Columbus, Dayton, 
Mansfield—Burdett Oxygen; Toledo—Odland Iron 
W orks 

Oklahoma: Tulso—G-E Welding Sales Division 
Oregon: Eugene, Portland—J. E. Haseltine; Medford, 
Portland—industrial Air Products 

Pennsylvania: Allentown, Philadelphia, Pittsburgh— 
Arcway Equipment 

South Cerolina: Columbia, Greenville—Welding Gas 
Products 

South Dakota: Deadwood—Hendrie & Bolthoff 

T : Chott ga, Knoxville, Nashville—W eld- 
ing Gas Products; Memphis—Delta Oxygen 

Texas: Abilene—M&M Welding Supply; Alice, Corpus 
Christi—Crane Welding Supply; Alpine, El Paso, 
Marfa, Pecos—Cor Parts Depot; Amarillo—W elding 
Equipment & Supply; Brownsville, Harlingen—Acety- 
lene Oxygen; Dallas—Hill Equipment & Supply; 
Hereford—Tex-Air Gas; Houston—G-E Welding Sales 
Division; Lubbock—Welders Supply of Lubbock; 
Midland—West Texas Welders Supply; Odessa, 
Pecos—Western Oxygen; Pecos—Welding Supply 
Co.; Plainview—Plains Welding Supply; San Angelo— 
Southwestern Welding Supply; Texarkano—Hughes 
Oxygen; Wichita Falls—Nortex Welding Supply 
Utah: Salt Lake City—The Galigher Co. 

Washington: Seattle, Spok J. E. Haseltine; Spo- 
kane, Yakima—industrial Air Products 

West Virginia: Bluefield—Bivefield Supply; Charles- 
ton—Virginian Electric; Huntington, Logan—tLogan 
Hardwore & Supply 

Wisconsin: Milwaukee—Machinery & Welder 
Alaska: Anchorage—Northern Supply 

Cenede: Tornoto—Canadian G.E. 

Hewaii: Honolulu—American Factors, Ltd. 
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Size: 
12" x 6" x 
14 Pounds 


ANOTHER EXAMPLE OF 


The WIDE BAND POCKETSCOPE, model 
$-14-B, hits a new high in frequency response for 
light, compact, truly portable oscilloscopes. The 
response extends all the way from DC to 700 KC 
within —2 db without peaking. Thus providing a 
pulse rise time of 1.8 microseconds. Furthermore, 
sensitivity has not been unduly compromised in 
order to accomplish such fidelity. The vertical 
sensitivity is 50 millivolts rms/inch. The sweep 
Is operated in either a repetitive or trigger mode 
and covers a range from 0.5 cycles to 50 KC with 
synchronization polarity optional. Other essential 
vertical and horizontal amplifier characteristics 


‘PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


PIONEERING... 


include non-frequency discriminating attenuators 
and gain controls as well as individual calibration 
voltages. Additional provisions for direct access 
to all the deflection plates, the second anode, and 
the amplifier outputs help to make the S-14-B a 
standout instrument of flexibility and utility. All 
this plus portability! The incredibly small size 
and light weight of the $-14-B now permits “‘on- 
the-spot” use of the oscilloscope in all industrial, 
medical, and communications fields. Its rugged 
construction assures “laboratory performance” 
regardless of environment. 


WATERMAN PRODUCTS INCLUDE 
$-4-A SAR PULSESCOPE® 
$-5-A LAB PULSESCOPE 


S-11-A INDUSTRIAL POCKETSCOPE 
$-12-8 JANized  RAKSCOPE® 

$-14-A HIGH GAIN POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 


Also RAYONIC® Cathode 
Ray Tubes and Other 
Associated Equipment 


New Produets 


WATERMAN PRODUCTS CO., INC. 
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Are Welder 


The Shober Sales, Inc., 900 W. Weber 
Ave., Stockton, Calif., have put out a 
small welder for shop and portable use. 
It is claimed that this welder performs in 
all positions, flat, vertical and overhead, 
on 110- or 220-v connection. Necessary 
accessories are included. It weighs 77 Ib 
and is well constructed. 


Phos-Trode Bare, Coiled Wire 


Ampco Metal, Ine., 1745 8. 38th St., 
Milwaukee 46, Wis., has developed a spe- 
cially processed phosphor bronze (Grade 
A) bare, coiled wire for use with the inert- 
gas consumable electrode process. 

Its primary use is for overlay applica- 
tions since it is a good, soft bearing alloy. 
However, Phos-Trode bare, coiled wire 
can also be used for joining brasses, tin 
bronzes, cast iron, ete., giving exception- 
ally sound welds with the inert-gas proe- 

This new product is available in 0.045-, 
and diam sizes, layer 
wound on either spools or rims in 25-lb 
standard packages. 

It may be used with the Aircomatic, 
Linde Sigma and General Electric filler- 
are equipment. 


Electrode Holder 


A 400-amp manual electrode holder that 
features new design has just been an- 
nounced by Tweco Products Co., Wichita, 
Kan. 

The new Twecotong ‘Rod-Rated” 
Model A-516 Air-Way holder was devel- 
oped to meet the growing demand for « 
lightweight, high amperage tool. The 
A-516 weighs just 27 oz. As its Rod- 
Rated model number indicates, the Twe- 
cotong A-516 is designed to handle elec- 
trodes through in. It will hold rods 
as small as in. diam. 


Departing from conventional design, 
this holder features air vents between the 
holder castings and the insulation. On 
higher amperage work this allows the heat 
from the are, which is absorbed by the 
castings, to be dispelled through the 
ventilating ducts between the casting and 
the insulators. 

To keep the holder cool it is supplied 
with a large diameter handle that has only 
point contact with the holder casting, per- 
mitting a free flow of cooling air. The 
new wedge-shaped upper jaw provides 
maximum pressure with minimum contact 
area for a cooler running holder. 

As in all other Twecotongs this new 
model is supplied with patented “Super- 
Mel” laminated glass cloth insulation that 
resists extreme heat and impact. 
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The exclusive Sureweld four-coil 
transformer design 


The heart of the Sureweld is an exclusive 4 
coil transformer that provides “long” inductive 
coupling, high inherent reactance, and uni- 
formly fine welding performance. A movable 
core section provides stepless current control. 


EVERYTHING FOR WELDING 


Outstanding Before... 


SHOP WELDER 


IMPROVED IN MANY WAYS 


The Sureweld A-C Shop Welder, for general utility 
welding, has always been outstanding for the remarkable arc 
stability it has provided, the desirable welding characteristics 
at allcurrent levels and the operator’s control of current value. 


And now this welder has been greatly improved. The 
exclusive, patented 4 coil transformer has been positioned 
horizontally for even better ventilation and cool operation 
even with higher output. Primary and secondary windings 
are double glass-insulated (Class B) magnet wire providing 
higher dielectric for peak performance at high heats. Oper- 
ator’s convenience has been increased by side-mounting the 
control handle next to the high-visibility calibrated scale. 
Other advances markedly decrease KVA input and increase 
ease of operation, dependability and portability. Best of all, 
the improved design has resulted in lower prices. 


We'd like to send you our new bulletin describing the 
improved Sureweld Shop Welder in more detail, or dem- 
onstrate the welder conclusively in your own shop. Available 
in Model S-18C, range 20 to 180 amps., and Models S-30 
and S-30C, range 25 to 295 amps. Use the handy coupon now. 


NATIONAL CYLINDER GAS COMPANY 


840 N. Michigan Avenue, Chicago 11, Illinois 


Branches and Dealers from Coast to Coast 


National Cylinder Gas Company, 4 
840 N. Michigan Ave., Chicage 11, ill. 


for general utility welding, described above. 


Welders for production welding. 


C] Send me Bulletin NH-101 on the new Sureweld Shop Welders, 


( Send me information on the Sureweld heavy-duty Industrial 


WRITE TODAY 


ZONE STATE 
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CURRENT WELDING 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25c from the Commissioner of Patents, Washington 25 D. C. 


te 


oF FABRICATING 
Girtu Joints——James Coryell 
Turnbull, Oakmont, Pa., assignor to 
Seaife, Co., Oakmont, Pa., a corporation 
of Pennsylvania. 

This method relates to the welding to- 
gether of two generally tubular metal ele- 
ments of the same cross-sectional shape 
and dimensions wherein at least one of the 
elements has a flange formed at its end 
extending endwise of the element at an 
acute angle to the wall of the element ad- 
jacent the flange. The elements are as- 
sembled end to end with the flange in en- 
gagement with the other element at a por- 
tion of the flange removed from the ex- 
tremity thereof so as to center the elements 
relative to each other and permit free es- 
expe of gases formed during the welding 
operation. The elements are then fused 
together in longitudinal alignment so that 
the welded joint and the elements ulti- 
mately are all in longitudinal alignment. 


Vise James G 

Thomas, Cleveland, Ohio. 

This patent covers a specialized welding 
vise having two angularly related fixed 
jaws and spring retractable jaws provided 
in the vise, 


2.660,654-—TIMING AND SEQUENCING CiIR- 
curr Joseph J. Riley and Richard Alm, 

Warren, Ohio, assignors to The Taylor- 

Winfield Corp., Warren, Ohio, a corpo- 

ration of Ohio. 

This patent relates to a control circuit 
for electric resistance welding apparatus 
wherein a weld contactor is provided and is 
adapted to control the flow of weld current. 
A specialized electronic circuit is connected 
to a source of pulsating power for energiza- 
tion of the weld contactor during predeter- 
mined circuit conduction conditions. 


Wetper— Edward 
R. Powell, North Plainfield, N. J., as- 
signor to Johns-Manville Corp., New 
York, N. Y., a corporation of New York. 
Powell’s patent relates to welding appa- 
ratus including an electrode having an end 
portion disposed for contact with a work 
surface to be welded and a foot member 
adjacent the electrode and movable rela- 
tive thereto over a path having compo- 
nents extending substantially perpendicu- 
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lar to and parallel with the surface. Other 


means are provided for moving the foot 


member into and out of contact with the 
surface so that the generally perpendicular 


component of movement is of sufficient 
length to lift the electrode from contact 
with the work surface. 


Heap ror Simut- 

TANEOUSLY EFFECTING A SERLES OF SPOT 

AccorpINnG THE DovBLE 

Meruop-——Kuno Eisenburger, Wels, 

Austria, assignor to EVG Entwicklungs- 

und Verwertungsgesellschaft m. b. 

Graz, Styria, Austria. 

This specialized weld head comprises at 
least two plate-shaped electrode holders 
arranged side by side in a common plane 
and having projections arranged on the 
edges of the plates facing one another. 
These projections intermesh with one an- 
other in gear teeth fashion and leave an 
insulating gap between adjacent projec- 
tions. These projections serve as weld 


electrodes, 


2.661.428 —-TrRANSPORTABLE WELDING Ap- 
PARATUS—Karl Joel Aversten, Lidingo, 
Sweden, assignor to Svenska Aktiebola- 
get) Gasaccumulator, Lidingo, near 
Stockholm, Sweden, a corporation of 
Sweden. 

The apparatus of this patent includes an 
engine, an electric generator driven by the 
engine and an electric battery connected to 
the generator and to a welding device 
through a current regulator. Other means 
are present for automatically adjusting the 
current regulator in response to the battery 
eurrent, 


2,661,599 —PNEUMATICALLY OPERATED 
Wevper Heap Construction —Frank 
Frederick Folmer, Detroit, Mich. 
Folmer’s patent covers specialized 

welder head of the type indicated. 


2,662,153—Metruop AND Device FoR 
WeELpING Wires ON Metat Boptes— 
Ulrich Gunther, Domat (ems), Switzer- 
land, assignor to Inventa A. G. fur 
Forschung und Patentverwertung, Zur- 
ich, Switzerland. 
In this patent, a process for welding thin 

wires to a small metal pole supporting bod- 

ies is disclosed and the bodies are initially 


Current Welding Patents 


arranged in a circle closely to, but insul- 
ated from one another. The bodies have 
two poles and a welding electrode is dis- 
posed above the circle and in fixed rela- 
tionship to a spot below the electrode but 
vertically movable with relation thereto. 
Switch means connect to only one of the 
poles exactly underneath the welding 
electrode leaving the other pole uncon- 
nected. The wire is made to meet the 
circle at a tangent at the spot below the 
electrode and a switch is actuated for 
welding when the pole and the electrode 
are in opposite positions. 


2,662,959-—ELEcTRONIC SEQUENCE Con- 

TROL FOR INTERMITTENT OPERATION OF 

Rotary Evecrrope WELDING ApPaRa- 

tus—Joseph J. Riley and Richard Alm, 

Warren, Ohio, assignors to The Taylor- 

Winfield Corp., Warren, Ohio, a corpo- 

ration of Ohio. 

This patent relates to a sequence con- 
trol circuit for use with electric resistance 
welding apparatus of the type adapted to 
perform a plurality of spaced welds in 
controlled time sequence. The circuit in- 
cludes actuating means for effecting index- 
ing movement of welding electrodes be- 
tween succeeding welds and where the 
magnitude of the indexing movement may 
be adjusted. A weld contactor is pro- 
vided and has means to time the duration 
of the weld whereas energizing means for 
the weld contactor are provided and «a 
control device is present in the circuit for 
the actuating means. The energizing 
means include adjustable time delay means 
for energizing the contactor a predeter- 
mined time after the control device oper- 
ates. Control means are provided for op- 
erating the control device to cause index- 
ing movement of the electrodes between 
succeeding weld operations. 


2,663,075—Metrnop or Tur- 

BINE Rorors—George Edwin Linnert 

Baltimore, Md., assignor to Armco Steel 

Corp., a corporation of Ohio. 

This method of welding turbine ele- 
ments includes providing a support for 
turbine blades and disposing along the sup- 
port at the approximate relative positions 
desired a plurality of blades having base 
portions of such size as to be consumed in 
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Special 


UNITED STATES STEEL CORPORATION, FITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. + UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Carilloy Steels 


ELECTRIC FURNACE OR OPEN HEARTH 
COMPLETE PRODUCTION FACILITIES IN CHICAGO OR PITTSBURGH 


4-278 


USS CARILLOY 
steels 


@ Glance down the accompanying list 
of qualities, treatments, conditions and 
specification requirements that can be 
furnished in USS CaRILLoy plate, 
sheet and strip. This is the widest selec- 
tion of flat rolled Alloy Steel products 
you can secure from any one producer. 
Our unmatched mill flexibility and size 
range enable you to order anything 
from a razor blade strip to a plate for a 
battleship. This streamlines your pur- 
chasing, assures consistent quality and 
simplifies your manufacturing prob- 
lems. Making United States Steel your 
source of supply gives you access to 
expert metallurgical assistance. 

Any time you have a metallurgical 
or fabricating problem, call in a United 
States Steel Service Metallurgist. He 
has an extensive knowledge of all types 
of Alloy Steels and can help cut costs 
by offering suggestions to assist your 
engineering and production people. 

It will pay you to investigate our 
facilities—submit your inquiries to our 
nearest sales office, or send the coupon 
below to United States Steel Corpora- 
tion, 525 William Penn Place, Pitts- 
burgh 30, Pa. 


United States Steel 

Room 4225, 525 William Penn Place 

Pittsburgh 30, Pa. 

[] Please send my free copy of 
your booklet, “STEELS FOR 
ELEVATED TEMPERATURE 
SERVICE.” 

(] Have your representative call. 


Name 
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this new WELDING DESIGN MANUAL | 


FOR THE 
ASKING 


To assist you in your re-tooling 
problems...or to help you an- 
alyze your present welding 
methods so that you may enjoy 
maximum speed, efficiency, and 
economy in many of YOUR pro- 


WELDING duction problems... 


Giant new 4th Edition contains 62 new photographs, 
132 new drawings, 72 pages of helpful data covering 
basic and advanced welding techniques and designs 
used in fabricating and assembly. Profusely illustrated 
with application drawings; weld diagrams; tables of 
melting temperatures, strengths, corrosion factors; 
charts; alloy recommendations; ete. Convenient digest 


s1ze. 

This just-off-the-press book is “*must” reading for anyone 
engaged in defense production and design, and will 
certainly be time profitably spent for any production man. 
...The unbelievable savings in metal-joining which can now be yours 
through the use of “Low Temperature Welding Alloys”® discovered a 
few years ago and now used in.over 78,000 industrial plants throughout 
America for more efficient metal-working production as well as for 
salvaging irreplaceable tool and machine parts. 


Over 100 different, new, EUTECTIC Low Temperature WELDING ALLOYS® and 
EUTECTOR® Fluxes are job-engineered for use on ALL metals — cast iron, alloy steels, 
aluminum, copper and nickel alloys, die castings, overlays, etc., and may be applied with 
ALL heating methods — torch, arc, furnace, induction heating, etc. 


SEND FOR YOUR COPY TODAY! . 

EUTECTIC WELDING ALLOYS CORPORATIO 

172nd Street at Northern Boulevard ¢ Flushing, New York, N.Y. 
Pcurecr IC WELDING ALLOYS CORPORATION 


WJ-2 -172nd St. & Northern Blvd., Flushing — New York, N. Y. 


This new manual of yours sounds like a very helpful book. Send me a FREE copy 
with the understanding that there will be no cost or obligation now or later. 


Signed 


Firm 
Address 
City State. 


184 Current Welding Patents 


welding. Outermost limits of fayed edges 
of the blades are blocked off and welded 
joints are formed between the blades them- 
selves and between blades and the support 
by fusing bottom surfaces of the blade 
bases while depositing weld metal to fill 
the spaces between adjacent blade bases. 


2,663,783-—-WRINKLE Tyre REPLACEABLE 

Cap ror Evecrropes — Wil- 

liam G. Fetter, Arthur F. Wood and 

Edman F. Holt, Indianapolis, Ind., as- 

signors to P. R. Mallory & Co., Ine., 

Indianapolis, Ind., a corporation of 

Delaware. 

This welding electrode includes « hollow 
welding tip with a shank portion. The 
shank has a determined taper and an angu- 
lated outer lead end surface. A cap struc- 
ture comprising «a welding face and a lead- 
ing edge is aligned with and positioned ex- 
tending into the shank. This cap has « 
skirt portion with a taper adapted to mate 
with the taper of the shank and includes a 
series of angular rings that adjustably fit 
into the shank and are resilient so as to 
afford a releasable tight grip between the 
cap and shank but at the same time avoid- 
ing seizure bet ween the surfaces thereof. 


2,663,784— MEANS anp Metuop or Mak- 
ING Srrip—Lorenz Iversen, 
Pittsburgh, Pa., assignor to Mesta 
Machine Co., Pittsburgh, Pa., « corpo- 
ration of Pennsylvania. 

Iversen’s method relates to a formation 
of a continuous length of strip steel from a 
plurality of end-to-end strips and com- 
prises trimming the ends of a pair of steel 
strips and overlapping the trimmed ends. 
Welding current is passed through the 
overlapped ends progressively along the 
width of the strips while simultaneously 
the welded joint is rolled down as it fuses 
flush with the adjacent unwelded strip 
ends. 


answer the call. 
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Fillerare Welding 


Boston, Mass.—The December dinner 
meeting of the Boston Section was held on 
Monday, December 14th, at the Westing- 
house Auditorium. 

As coffee speaker, Capt. Francis G. 
Wilson of the Homicide Squad, Boston 
Police Headquarters, entertained 143 
members and guests by explaining the 
operation of a big city homicide squad, 
illustrating with numerous anecdotes, in- 
cluding the solution of a murder that 
took place only the week before. 

The technical speaker, R. W. Tuthill 
@WJ of the General Electric Co., Fitch- 
burg, Mass., gave a very interesting talk 
on GE’s new process of Fillerare Welding, 
explaining the are characteristics and also 
the generator characteristics required to 
make the process work in a practical man- 


Christmas Party 


Bridgeport, Conn.— (ne hundred mem- 
bers and guests of the Bridgeport Section 
had a most enjoyable time at the Christ- 
mas party held on December 5th at the 


Black Horse Inn, Orange, Conn. 


Resistance Welding 


Buffalo, N. Y.—-Two 


featured at the December 3rd dinner meet- 


speakers were 
ing of the Niagara Frontier Section. The 
first speaker, Frank Rowe of the Federal 
Tool and Engineering Co., led off with a 
30-minute talk on “‘Resistance Welding, 
Applications and Controls.” The partie- 
ular application dwelt on during this in- 
formative talk, was the welding of very 
small and minute parts for the radio and 
most of the 


television industry For 


membership it was a revelation to hear 
that a wire 0.006 in. thick could be welded 
to a nickel tube 0.002 in. in diameter. 
Slides were shown of many more instances 
of resistance welding of very small as- 
semblies, 

Stuart C. Rockafellow WS (Robo- 
tron Co.) followed Mr. Rowe with a 30- 
minute talk on the fundamentals of elec- 
tronics. As Mr. Rockafellow put it, “A 
Four-Year College Course in Electronics 
in Thirty Minutes.”’ To many of the mem- 
bers it was by far one of the most infor- 
mative talks ever heard at a Section 
meeting. For the first time, many under- 
stood the part the electronic tube and 
timing devices play in the operation of 
resistance welding equipment. 


FEBRUARY 1954 


as relayed to C. M. O’ Leary 


A brisk question and answer period 


seemed to substantiate the appreciative 
attitude of the membership. 


Preview of Progress 


Chicago, Ill. December meeting of 
the Chicago Section, held on the 11th, was 
the first meeting of the vear when soci- 
ability reigns and welding as a subject is 
set aside. The meeting opened with a 
cocktail hour followed by dinner. The 
coffee speaker, Don Kolloway, former ma- 
jor league infielder, discussed many amus- 
ing incidents in his 12'/. vears of experi- 
ence, 

Following dinner General Motors pre- 
sented their ‘Preview of Progress’’ which 
is a stage presentation of scientific prog- 
ress. Artificial rubber was produced by 
mixing two chemicals in a bottle. An- 
other demonstration was using a bottle as 
a hammer and driving a spike through a 
two by four plank, vet a small substance, 
less than the size of a pencil eraser, dropped 
inside the bottle caused it to burst into 
fragments. Jet propulsion was explained 
and demonstrated. This was an excellent 
presentation and was amusing and enjoy- 
able. 

The balance of the evening was spent in 
a sociable get-together. 


Plant Tour 


Chicago, Ill.--The Section, 


deviating from their policy of many years 
standing, toured the Hotpoint Co.’s new 


Chicago 


refrigerator manufacturing plant on the 
November 20th. 
There was « question in the minds of the 


afternoon of Friday, 
program committee when arrangements 
were made, as the tour had to be on an 
afternoon and completed by 4 P.M. as the 
line was closed down. 

Much to everyone’s surprise 128 turned 
out and saw the new plant and modern 
lines of production peculiar to refrigera- 
tion production. To the welding-minded 
person the feature was the forming from a 
single sheet and through a number of 
operations completely welding the con- 
tainer without removing it from the giant 
press. Are welding, resistance welding 
and gas welding were utilized at various 
points in the production line each to its 
advantage. 

The production-minded guest was amazed 
at the utilization of the air rights in the 
The factory was a complete mass 
of conveyors located high against the 
ceiling out of the way of floor traffic. 


factory. 
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In fact, floor traffic of parts was practically 
nil. 

Following the plant tour a movie “De- 
sign of Tomorrow” was shown to the group 
in the auditorium. 

Joe Kashuba, Foreman of Range As- 
sembly, explained the ‘**Foreman’s Golden 
Rule Book.” He brought out that while 
the factory is in a sense a giant machine, 
the employees, each to his function, is not a 
machine but « personality and is so treated 
with consideration and friendliness. 

Fred Tarleton, Manager of Refrigera- 
tion Engineering, then spoke in a most in- 
teresting manner about the problems of 
manufacturing s product such as theirs 
that carries a 5-year warranty of opera- 
tion. He explained that 5-years is not the 
limit of their sights but a lifetime is the 
continual aim. Mr. Tarleton emphasized 
that costs were important, speed of pro- 
duction and many other things, but that 
above all of these there stood one impor- 
tant point that must not be lost sight of if 
long life was to be expected. That point 
was Cleanliness. With passageways much 
less than the diameter of a human hair 
there must not be any scale or foreign 
matter. It can well be expected that this 
point offered problems to those who speci- 
fied welding. 

Thomas H. Swisher @WS of the Hot- 
point Co. organization and Chairman of 
the Chicago Section, had so carefully 
planned this tour that it went along 
smoothly without a hitch and yet every- 
one had time to see that which they were 
interested in, ask questions and receive 
The tour was made in groups of 
The leaders 
were courteous beyond expectation. 

It was a most pleasant and enlightening 


answers. 
about 20, each with a leader. 


meeting. 


Welding Titanium Alloys 


Cincinnati, Ohio.—An_ excellent re- 
search paper on ‘Welding of Titanium 
Alloys” was presented by C. B. Voldrich 
AWS of Battelle Memorial Institute at 
the November 24th meeting of the Cin- 
cinnati Section held in the Engineer and 
Scientist Building. Mr. Voldrich’s talk 
was illustrated with slides. 


Distortion in Welding 


Cleveland, Ohio.—One of the finest 
talks on the subject ‘Control of Distortion 
in Welding’ was given by J. R. Stitt 
WS of the R. C. Mahon Co., Detroit, 
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Speaker J. R. Stitt and Lewis Gilbert, 
Cleveland Section Chairman 


at the December 9th dinner meeting of 
the Cleveland Section held at the Allerton 
Hotel. Mr. Stitt’s talk was exemplified by 
means of oxy-acetylene flame and_ its 
effects straightening members which 
had been distorted due to impact or im- 
proper handling of materials. 

Slides were used to show various heavy 
structural members which had been dis- 
torted. 
gressive procedure in straightening by 
means of heat applications, pointing out 


The slides also showed the pro- 


the zones which were heated and their 
sequence of heating to effect proper 
straightening. 

In a very nontechnical dissertation Mr. 
Stitt pointed out the various physical 


WIRE FOR WELDING 
@ STAINLESS STEELS 
@ ALLOY STEELS 

ALUMINUM 


BRONZES 
SPECIAL ALLOYS 


WELDSPOOL 
the ONLY chemically proc- 
essed precision spooled 
electrode wire designed 
and suitable for ALL TYPES 
MAKES inert gas 
welding equipment 


Weldwire 


COMPANY, INCORPORATED 


N. W. CORNER EMERALD & HAGERT STS. 
PHILADELPHIA 25, PENNSYLVANIA 


Phone: GArfield 3-1232 


changes that take place during heating and 
compared same with the cold working of 
steels without the application of heat. 

Slides also disclosed many ingenious 
methods and types of applications for 
straightening various members which, for 
all practical purposes, would normally be 
scrap. 

Coffee speaker was a department store 
Santa Claus, Jack Kelley, who told some 
interesting stories of children’s reactions at 
this time of vear. 


Aeronautical Research 


Columbus, Ohio. —A joint dinner meet- 
ing of the Columbus Section and the Co- 
lumbus Technical Council was held on 
November 12th at the Seneca Hotel. 
Dr. John F. Vietory of the National Ad- 
visory Committee for Aeronautics told 
the story of the early history of aeronauti- 
cal research. He emphasized personalities 
and incidents that were very interesting. 


Austenitic Stainless Steels 


Columbus, Ohio.— On December 11th, 
Nicholas C. Jessen Babcock and 
Wileox Co., Barberton, Ohio, talked to the 
Columbus Section on “The Welding of 
Austenitic Stainless Steels’ at a dinner 
meeting. Mr. Jessen is very familar with 
the welding and metallurgical problems of 
His talk was 
well received by more than 50 dinner 
guests and others who came for the techni- 
cal session of the evening. Mr. 
lustrated his talk with slides showing the 
effects of wrong choice of stainless welding 


pressure vessel fabrication. 
Jessen il- 


wire or rods and clearly showed that care- 
ful selection of electrodes for the applica- 
tion was necessary for sound welding. 

The technical session was preceded by a 
film titled “The Handwritten Word” 
furnished by Movies, USA. 


Plant Visit 


Dallas, Tex.—On November 18th, 40 
members of the Dallas Section, following 
dinner at the Lennox Hotel in Grand 
Prairie, took part in a tour conducted by 
Chance Vought Aircraft Co. through their 
plant to see their latest welding methods, 
procedures and welding fixtures in appli- 
cation. 


Quiz Program 


Dayton, Ohio.—A quiz program with 
panel on “Inert Gas Welding Processes” 
was held by the Dayton Section on Tues- 
day, December 8th, at the Dayton En- 
gineers’ Club. The panel consisted of: 
Robert E. Bowman M3 Wright Air 
Development Center; Robert C. Ap- 
penzeller Delco Products Divi- 
sion, GMC; William Dundon 
Huffman Manufacturing Co.; C. A. 
Heffernon OS, Linde Air Products, 
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ARCAIR TORCH 


takes a “bite” 
out of Atom Apple 


In the construction of the 225 foor 
diameter “Atom Apple” for the Atomic 
Energy Commission by the Chicago 
Bridge and Iron Company, six ton steel 
plates of ASM A201 grade B Firebox 
material were joined together with over 
25,000 feet of manual and automatic 
welding. 

Imperfect welds in the steel plate 
(varying from 1.02 inch to 0.90 inch in 
thickness) were gouged out’ with 
ARCAIR cutting and gouging Torches. 

Welds joining the steel plates were re- 
quired to have 100% penetration. All 
welds were X-rayed and those found to 
have less than perfect penetration were 
rejected. Rejects averaged from one to 
two percent. 

This is where the ARCAIR cutting 
and gouging Torch came in! 

It was found that the ARCAIR method 
removed slag as well as weld metal, did 
not cover the 
defects and left 
a clean groove 
ready for re- 
welding  with- 
out further 
chipping or 
grinding. 

Five ARCAIR 
Torches were 
in use at one 
time on_ this 
job, not only 
in gouging op- 


The Chicago Bridge and iron ations, but 
Company used ARCAIR also to take 
Torches to gouge out defec- = off strongbacks 


tive welds during construction 
of the two million dollar and scaffolding 


Hortonsphere near West Mil- framework no 
ton, N.Y. longer needed. 

The contractor 
found the ARCAIR Torch“a real boon to 
construction workers”. 

Foundries, metal fabricators and main- 
tenance shops throughout the country 
use the ARCAIR cutting and gouging 
Torch to solve their metal removing 
problems. The ARCAIR method cuts 
costs up to 80% over other metal cutting 
and gouging methods. Ask your weld- 
ing supply dealer for a free demonstra- 
tion in your plant. 


Write for Free Bulletin with facts and phetegeghe of 
time and meney-coving applications of the 
ARCAIR 
Company, ASTERN 
DIVISION, an So. Mt. 
Pleasant Ave. Lancaster, 
Ohio; WESTERN DIVi- 
SION, P.O. Box 4107, 
Bremerton, Wash. 


Arceir 


Cuts all metals—usina only electric are and compressed air 
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extends 


of Hartig extruder feed screws by 400% 


Here is a typical case of how REXWELD Hard Surfacing Rods 
are used to extend tool and product life ... to provide a better, 
crack and porosity free surface that wears longer. 

One of the most important parts of the plastic extrusion ma- 
chines made by the Hartig Engine and Machine Company is the 
feed screw. This part propels heated plastic through an extru- 
sion die under great pressures, and at rates as high as 2000 
pounds per hour. Because the slightest amount of wear on the 
screw is so critical — on some jobs more than 0.010” means 
replacement — Hartig hardfaces them with REXWELD C by 
the oxyacetylene process. 

The Hartig people have found that REXWELD C extends the 
life of the screws 400% over unsurfaced screws ... provides 
a surface that resists abrasion and corrosion .. . and gives them 
a dense facing free from surface imperfections — an important 
factor from the standpoint of product contamination. 

Next time you have a hard surfacing job which requires the 
best in service life and ease of application, ask for REXWELD 
Hard Surfacing Rods. They are available in many different 
grades and sizes, and in electrodes bearing the special 


REXWELD low hydrogen coating. 


5A years of | Fe REXWELD HARD SURFACING ROD 
CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA, 


REZISTAL STAINLESS e« REX HIGH SPEED e« TOOL « ALLOY « MACHINERY « SPECIAL PURPOSE STEELS 
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FOR BETTER SERVICE. 


Ges Lighter @ 1—Pr. Series 66-19-6 Welding Goggles. EQUIPMENT. BUILT 
We back our dis- 


YOUR DOCKSON DISTRIBUTOR—is a 
carefully selected specialist who carries 
a complete line of Dockson Products in 
stock to give you fast service and per- 


sonal attention. 


gouges @ 1—No. 134-AD Acetylene Regulator, 50 lb. tributors 100%. 


@ 1—124 ft. length 4" Siemese Hose @ 4—Hose NAME AND OUR COMPLETE CATALOG 


medium welding and cutting jobs up Connections @ 1|—Outfit Wrench @ 1—Rownd File OF WELDING AND CUTTING 


i 
: 
i 


FOR EXAMPLE—The Dockson No. 145 — and 500 Ib. gauges @ 1—Commercial to P.0.L. Adaptor WRITE FOR YOUR DISTRIBUTOR’S 


1—Wo. 4-£-€ Hi-Speed Welding Torch @ Nos. 
2, 4, 6, 8 ond 10 “E" Style Elbow Tips @ 1—C-4 Hi- 
1—No. 134-BE Oxygen Regulator, 200 Ib. ond 3000 Ib. 


Speed Cutting Attochment @ 1—C-2 Cutting Tip @ 


to and including 5” steel. At one low 


Outfit illustrated above is for light and 
price you get— 
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Indianapolis; L. P. Marking @WS, and 
J. W. Hall QS, Panel Chairman. 

Everyone present was given a multiple 
choice quiz on the subject at the beginning 
of the meeting. After these were com- 
pleted, the panel of experts discussed the 
correct answers to each question. The 
two members of the audience with the 
highest number of correct: answers were 
each awarded a ‘‘Troyloafer’’ reclining 
chair. 

A sound color film entitled ‘Tool of 
Many Uses” covering the various applica- 
tions of the Aircomatic process in manual 
and automatic welding was shown through 
the courtesy of Airco. 


Program Schedule 


Dayton, Ohio. The following is a pro- 
gram schedule for the Dayton Section for 
the remainder of the 1953-54 season: 

Mar. 9—*‘High Production Applications 


of Resistance Welding,” Clarence 
Schultheis 
Apr. 13—‘‘Tooling for Automatic 
Welding,” Anthony K. Pandjiris 
(WS) 

May 11—Plant Visitation (to be an- 


nounced ) 
June 8—Annual Pienic 
Meetings will be held at 8:00 P.M. in the 
Dayton Engineer’s Club, 112 KE. Monu- 
ment Ave., unless shown otherwise. 


Ladies Night 


Denver, Colo.—The Annual Ladies 
Night was held by the Colorado Section on 
December 8th in the Festival Room of the 
Oxford Hotel with an attendance of 54 
members and guests. Jesse . Williams of 
the U. S. Bureau of Public Roads, who 
was assigned by the Government to a mis- 
sion of assistance to Turkey under the 
Federal Aid Highway Program, along with 
his wife, gave a very interesting talk on 
“Life in Turkey” which was followed by 
questions for over a half hour. Some of 
the welding problems Mr. Williams came 
across while on his trip were also dis- 
cussed. 

A Walt Disney film entitled “Seal Is- 
land” was shown through the courtesy of 
the Ideal Pictures Co. 


Plant Visit 


Des Moines, Iowa. For its November 
meeting held on the 19th, the Jowa Section 
visited the Armstrong Rubber Manufac- 
turing Plant, Des Moines. 

Following a most delectable and tasty 
dinner served in the plant cafeteria, groups 
of seven or eight were formed and guided 
from beginning to end of the tire manu- 
facturing process. All sizes of tires were 
being produced from the small trailer type 
through huge truck sizes. Each could be 
observed in every phase necessary for its 
assembly. 

From chunks of crude rubber combined 
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with sulfur and carbon-black ingredients 
along with fabric, high-tensile steel wire, 
emerges the finished tire product. The 
vast quantities of equipment, the immense 
floor area on several levels and the strange 
names of machines or the processes were of 
great interest. The agility of the operator 
in assembling the plys, casing and beads 
was of particular interest to many. 

At the gathering of the various groups 
following the tour, Mr. Robinson of Arm- 
strong’s Industrial Relations Department 
answered a multitude of questions. 


Safety in Welding 


Detroit, Mich.Three speakers were 
scheduled for the November dinner mect- 
ing of the Detroit Section, held at the En- 
gineering Society of Detroit, with an at- 
tendance of 106. The subject covered was 
“Safety in All Phases of Welding.” The 
speakers were Ray Harvey, Director of 
Safety, Murray Corporation of America, 
Carl Peterson, Staff Safety Engineer, 
Chrysler Corp., Jim Lake, Michigan Mu- 
tual Liability Insurance Co. 

Coffee speaker was Hale A. Clark, Vice- 
President of Sales with the Consolidated 
Gas Co. Mr. Clark talked on ‘What's 
New in Gas.” 


Stag Social Evening 


Detroit, Mich.-A stag social evening 
for members only was held on Friday, 
December 11th, by the Detroit Section st 
the Henry Ford Trade School Alumni 
Club in Royal Oak. During the meeting 
a film entitled “Realm of the Wild” was 
shown through the courtesy of Ou/doo 
Life. Ninety-one members had a most 
enjoyable time. 


Plant Tour 


Grand Rapids, Mich.—On November 
23rd, 98 members and guests of the 
Western Michigan Section, after partaking 
of a very tasty smorgasbord at the Harris 
Hotel in Kalamazoo, made a tour of the 
Ingersoll Steel Products plant where 
Army and Navy amphibious tanks are 
being manufactured. 


Job Shop Practices 


Grand Rapids, Mich.—L. C. Monroe 
QW, publisher of Welders Digest of La 
Porte, Ind., discussed the subject “Job 
Shop Practice and Maintenance Welding 
in Shops” at the December 21st meeting ol 
the Western Michigan Section held in the 
Varsity Grill. 

Coffee speaker was J. Leslie Livingston, 
local insurance man and sportsman, who 
showed pictures of his recent hunting trip 
in Wyoming where he bagged an antelope, 
an elk and a deer. 


Ladies Night 


Indianapolis, Ind.—The [ndiana Section 
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had its annual Ladies Night on Friday 
evening, llth. Sixty adults 
were present at Linder’s Restaurant, south 
of Anderson. 


December 


A smorgasbord dinner was 
followed by entertainment in three parts. 
The first part was a stage presentation 
“Engineering, the Key to 
This was a performance covering recent 


Progress.” 


developments in science and industry by 
Delco-Remy Division of General Motors. 

The second part was « motion picture of 
a boat trip through the Grand Canyon. 
The film was narrated by Moulton Fulmer 
who took the pictures as he made this 
hazardous journey. 

The finale was the drawing for the door 
prizes, 


Ladies Night 
Kansas City, Mo.—-The December meet- 
ing of the Kansas City Section held on the 
10th at Fred Harvey’s Pine Room was in 
honor of the ladies. There were over 30 
present tor the dinner. 
Vice-Chairman George 
sented Ed Dato, Vice-President, District 
No. 6, with a gift in appreciation for the 
service Ed has given to this Section. ed 
is being transferred to the New York area. 
Hugh 
FBI, 


Demeecs pre- 


Speaker for the evening was 
Special Agent for the 
‘ity district. Mr. Johnson gave 
“a very interesting talk entitled “Your 
FBI.” In his talk he outlined the func- 
tions and responsibilities of their organiza- 


Johnson, 


Kansas 


tion. 


Nondestructive Inspection 


Louisville, Ky.—The December Ist 
dinner meeting of the Louisville Section 
was held at Korfage’s Tavern. 

An illustrated talk on ‘Nondestructive 
Inspection of Welds” was given by Lloyd 
J. Oye, District Sales Manager, Magnaflux 
Corp., Chicago. Mr. Ove covered the 
use of metal particle, fluorescent light, 
and die penetrant methods of testing 
welds, indicating that all three have 
their own particular field with the 
possibility of a slight overlapping. He 
placed particular emphasis on the use of 
these inspection methods prior to final in- 
spection so that the use of these methods 
would effect a saving in production. He 
showed by slides numerous applications 
for these testing methods. 

Coffee speaker was Lt. Forest E. Hurst 
of the Fire Prevention Bureau who gave 
an excellent talk on fire prevention in in- 
dustry. 


Welding Metallurgy 


Milwaukee, Wis.—The November 20th 
meeting of the Milwaukee Section was 
held at the Ambassador Hotel with ap- 
proximately 100 members and guests in 
attendance. 

Immediately following dinner, Lt. Mi- 
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chael Wolke, Director of Youth Aid Bur- 
eau for Milwaukee, gave a very interesting 
coffee talk on the topic “Juvenile Delin- 
queney”’ which was a very timely subject 
resulting in a lively discussion of the points 
covered. 

Chairman Werner Gallo introduced the 
technical speaker, Dr. Samuel L. Hoyt, 
Consultant with Battelle Memor- 
ial Institute, who spoke on the subject 
“Welding Metallurgy.” A recognized au- 
thority on the subject, Dr. Hoyt centered 
his talk around the very controversial 
subject ‘“Weldability of Steel” pointing up 
the fact that in the past we have not 
attacked the problem of weldability on a 
sound scientific basis. In fact, according 
to him, we do not even have a good defini- 
tion for weldability. He cleverly worked 
in such investigation reports as those on 
the failure of the 8S. 8. Schenectady and the 
Three River Bridge failures to support his 
contentions that, generally, we use the 
wrong approach in our scientific investiga- 
tions on most welding problems. He also 
ably presented his philosophy of scientific 
attack on a problem to solve the,problem. 


Welded Structures 


New York, N. Y.—-On Dec. 14, 1953, a 
joint meeting of the Metropolitan Section 
of the Society for Non-Destructive Testing 
and the New York Section of the AMERICAN 
WELDING Society was held, with 8. Baum 
MWS Welding Engineer at the Philadel- 
phia Naval Shipyard, as technical speaker. 
His excellent “Welded Struc- 
Acceptability and Intended Use,” 


subject, 
tures 
was well received by the members of both 
sections and their guests. Mr. Baum out- 
lined the advancements made in welding 
at the Philadelphia Naval Shipyard, as 
well as the types of nondestructive tests 
used to substantiate weld quality. An 
interesting number of slides showed the 
radiographic quality standards presently 
in use for naval ship work. 

The program was preceded by dinner at 
Schwartz’s Restaurant, 54 Broad St., 
New York City, where the New York 
Section’s meetings are regularly held. 


Round-Table Discussion 

Olean, N. Y.—A round-table discussion 
on “What Practical Approach Should En- 
gineering Set Up in the Basic Design and 
Detailed Drawings of Weld Fabrications 
to Govern Quality”’ was the feature of the 
November 23rd meeting of the Olean- 
Bradford Section held at the Castle. The 
discussion was led by Henry Bender 
AWS, and Herbert Rogers QW of Clark 
Brothers Co. The discussion was fol- 
lowed by Charles Thomas, Andy Kasper 
OWS, Charles Tenz, Jacobson, Bill 
Payne, Walt Johnson, F. Rose, and Don 
Johnson. 
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Write for the name and address of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 


Welding Electrodes 


Peoria, I1].—The regular monthly dinner 
meeting of the Central /llinois Section 
was held at the Sazarac on November 18th. 
Extemporaneous talks on the ‘*Manufac- 
ture and Inspection of Welding Elec- 
trodes”’ were given by B. W. Knickelbine 
and ©. T. Barnett AWS of the Milwaukee 
Electrode plant, A. O. Smith Corp. The 
subject was very well presented. Techni- 
eal Chairman was Ek. F. Baker 89, 
Superintendent, Structural Steel and 
Welding, Caterpillar Tractor Co. 


Plant Tour 


Phoenix, Ariz.—-The December meeting 
of the Arizona Section was a plant visita- 
tion to the Dye Oxygen Co. of Phoenix, 
Ariz. 

Prior to the evening's program a venison 
barbecue was served to the members and 
guests through the courtesy of the Dve 
Co. 

In addition to a very interesting tour of 
the plant, an unusual film titled “Oxyv- 
Acetylene Flame Master of Metals’ was 


presented. 


The Section thoroughly the 
evening and appreciated the many cour- 
tesies extended to them by Gil Dve 
WS, President, and his staff. 


Newly Elected Officers 


Phoeniz, Ariz..-The Arizona Section 
announces the election of the following 
officers: 


Chairman—Charles Fogwell, Haywire 
Welding Works 

First Vice-Chairman—J. August Rau, 
Allison Steel Mig. Co. 

Second Vice-Chairman— William Fi- 
scher, 135 Rose Lane 

Secretary Walter Riley, 332 Wilshire 
Dr. 

Treasurer—F. Morris Aspey, Consol- 
dated Western Steel Division, U.S. 
steel Corp. 

Chairman, Membership Comunittee 
Edward H. Allison, Linde Air Pro- 
ducts Co. 

Chairman, Program Committee — John 
D. Dyer, 5706 N. 11th Pl. 

Technical Representative— Phillip Bink- 
lev, 2229 N. 8th St. 


Welded Bridges and Buildings 


Pittsburgh, Pa.--The regular monthly 
dinner meeting of the Pittsburgh Section 
took place on November 18th. Dinne: 
was served to 37 members at the Hote! 
Webster Hall while 93 were present at the 
meeting held in the Mellon Institute. 

An excellent illustrated discussion on 
welded bridges and buildings wis given 
by Frederick H. Dill OWS, American 
Bridge Division, U.S. Steel Corp. 

Before the meeting a film entitled “Tron 
Carbon Alloys” was shown through the 
courtesy of the American Society for 
Metals. 


Christmas Party 
St. Louis, Mo.—On December I1th « 


Christmas Party was given by the S/. 
Louis Section at the Forest Park Hotel 


Floor plates 
straightening tables —- dog blocks 
blacksmith blocks. 5'x5’~- 6'x6’ 


bending tables — layout tables 
bending blocks 


~~ 5'x10’—— 6’x12' — 3’'x3’ — either 6” or 7” thick. 
STAHL EQUIPMENT CO. 


94 Washington St. Brookline Village 46, Mass. 


Buy “PROVEN FLUXES” 


6’x8’ —- 6’x10’ 


aes Years of GUARANTEED SATISFACTION 


Insist on them — Unequalled Quality 


No.1 Cast Iron Welding Flux 
No.2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast lron 
No. 5&8 Cast & Sheet Aluminum Fluxes 
No. 9 
No. 11 Tinning Compound 
No. 16 Silver So 


Mis. By 
ANTI-BORAX COMPOUND CO., INC. 


behind these GOOD 
“ANTI-BORAX” FLUXES 


Stainless Steel Welding Flux 
Paste Flux 


Fort Wayne, Ind. 


Section News and Events 


THe WELDING JOURNAL 


; 
7 
« 
| 
| 
; 
4 
190 


with approximately 45 couples attending. 
A delicious buffet dinner was served and 
dancing took place throughout the evening 
to the delightful musie of Herb Mahler's 
Orchestra. Many old friendships were re- 
newed and a fine spirit of good tellowship 
prevailed. 


Hard Facing 


Seattle, Wash.-The Puget Sound Sec- 
tion held its December dinner meeting on 
the 10th at the engineers’ Club in Seattle. 
A short film on the University of Washing- 
ton and the University of Utah football 
was show nas an after-dinner feature. 


Mr. Morry Automatic 


Champers ol 


TWECOLUGS 


FOR WELDING AND POWER CABLE 


New copper solder type TWECOLUGS are espe- 
cially designed for making cable connections; they 
have large diameter stud holes with ample wing nut 
clearance. 4 sizes or welding cables 6 through 
4/0. 4 sizes for power cables 14 through 4. 


TWECO “LUG-SET"’ SPLICERS 
4 sizes for cables 46 through 
4/0. Split rubber sieeves for my |} 
good insulation with friction : 


tape. 


Use TWECO “'Lug-Set"’ Splicers and rubber sleeves 
to splice broken or worn welding cable. Reel 
ends and short pieces can be quickly spliced into 
usable lengths. 


TWECO “LUG-SET" 


TWECO LUG-SET PUNCH 
4 


An eight-saddie back-up block and a special 
round-end punch for mechanically attaching Copper 
TWECOLUGS and ‘'Lug-Set"’ Splicers. The punch 
impacts the lug barrel for a quick connection with 
maximum strength and conductivity. All you 
need is a hammer. 


) 


Top and Bottom View of Lugs Attached. 


View of Splicer Attached with ‘‘Lug-Set"’ 


Write for new #8 TWECOLOG with complete 
TWECO line of arc welding cable i 


fee Your Welding Supply Distributor 


Boston at Mosley 
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Elmet Division 


Hardfacing, Inc., Everett, Wash., gave an 
excellent extemporaneous talk on the sub- 
ject “Hardfacing by the Automatic Proc- 


CSS 


Nodular Cast lron 


Syracuse, N. Y.—W. M. Boam &, 
Project Engineer for the Wright Aeronau- 
Wood Ridge, N. J., 
principal speaker at the December 9th 
Section. Mr. 


tical Corp., was the 


meeting of the Syracuse 


Speaker W. M. Boam 
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WELDING ELECTRODES DISTRIBUTORS: 


HOW MUCH DO YOU 
KNOW ABOUT 
EiLmMeT Tungsten Electrodes? 


* Do you know they are high in purity? 
* Do you know they are high in efficiency? 
* Do you know they are high in reliability? 


It would pay you to learn the facts about Elmet. 
Send today for free pamphlet describing its advantages 
—your Trade will thank you for it. 


NORTH AMERICAN PHILIPS COMPANY, INC. 


Lewiston, Maine 


Boam presented his paper on ‘*Welding of 


Nodular Cast 
viously presented at the National Spring 


Iron” which he had pre- * 
Meeting in Houston and which was pub- 
lished in the September issue of The 
WELDING Additional 
covered in Mr. Boam’s paper presented at 


JOURNAL. data 
this meeting were along the following lines: 

1. It is possible to obtain satisfactory 
welds on Ni-resist nodular cast iron with 2 
modified Type 430 electrode (known as 
431). 

2. Best results on ferritie nodular iron 
were obtained with Ni-rod 55 electrodes. 

3. The welds were made without the 
use of preheat and a stress relieving at 850° 
after welding was found to be adequate. 

4. It was pointed out that small cast- 
ing defects normally acceptable by radio- 
graph standards had to be repaired prior to 
assembly welding. 

5. It was possible to machine small re- 
paired areas without noticeable difficul- 
ules. 

6. The welded jet engine assembly us- 
ing nodular iron joined to stainless steel 
was produced at '/;5 of the original ma- 


chined design. 


Welding Aluminum Alloys 


Worcester, Mass.G. ©O. Hoglund 
AWS, Engineer for the Aluminum Com- 
pany of America, New Kensington, Pa., 
was the guest speaker at the November 
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CAN YOU WELD MANGANESE . 


peening, 
special techniques? 


US. Patents 


MANGANESE-NICKEL STEEL 
AC-DC WELDING ELECTRODES 


NOT A COMPOSITE ROD. 
ELEMENTS IN ROD, NOT COATING. 


Runs as easily as 
stainless or mild steel 
electrodes. 


Write for literature 


oe 


2nd dinner meeting of the Worcester Sec- 
tion held at the Tower House. Mr. 
Hoglund’s illustrated talk on ‘‘Welding of 
Aluminum Alloys’’ was very well pre- 
sented and well received by the 57 mem- 
bers present. 


Silver Brazing 


Worcester, Mass.—Roger J. Metzler 
OWS of Handy & Harman, New York, 
was the guest speaker at the December 7th 
dinner meeting of the Worcester Section 
held at the Tower House with an attend- 
ance of 57 at the meeting. Mr. Metzler 
gave an outstanding talk on the subject 
“Design for Silver Brazing’? which was 
supplemented by a technicolor sound film 
entitled “Production Brazing with Low 
Temperature Alloys.” 


Spring Meeting 
American Welding Society 


Statler Hotel——Buffalo, N. Y. 


UD 


May 4-7, 1954 


Bridges, Steel. Fabrication and Erection Methods for All- 
Welded Expressway Viaduct, H. H. Tarzian and P. G. Jonas. 
Roads & Streets, vol. 96, no. 8 (Aug. 1953), pp. 70-77. Shop and 
field procedures for first leg of extensive system of elevated via- 
ducts in San Francisco described; all members both for piers and 
superstructure are welded rolled shapes and plates; field welding 
was done with 300-amp, d-c, arc-welding machines; abstract of 
specification for structural steel used. 

Electric Cables, Joints. Soudage aluminothermique de cables 
isolés en aluminium, J. Bollinger. Aluminium Suisse, vol. 3, no. 
2 (Mar. 1953), pp. 62-65. ‘‘Alutherm’’ welding of underground 
and insulated aluminum cables described; molten metal em- 
ployed; melting of weld metal and ends of conductors to be joined 
occurs simultaneously; conductivity of cable not impaired; sim- 
plicity of method stressed. (In French and ¢ Sree, 

Eleetrie Machinery, Windings. Enamelled Round Copper 
Wire. Brit. Standards Instn.—Brit. Standard, no. 1961 (1953). 
23 pp. Standard is intended to cover only requirements of oil 
hase enameled wire used for winding coils for electrical machin- 
ery and apparatus; all sizes of wire from 0.025 to 4 mm diam, 
commonly in use, are included; limited number only of sizes hav- 
ing thick covering are included. 

Fire Protection. Welding Torch Fires, H. E. Beaven. 
Factory Mgmt. & Maintenance, vol. 111, no. 7 (July 1953), pp. 
132-133. Causes of torch fires; notes on general preventive 
measures and measures applying specifically to oxy-acetylene and 
electric welding equipment and gasoline blow torches; tabulation 
of eight typical torch fire losses. 

Machinery Exhibitions, London, England. What to See at 
Olympia, Shipbldg. & Shipg. Rec., vol. 8, no. 8 (Aug. 20, 1953), 
pp. 249-253; no. 9 (Aug. 27), pp. 287-289; no. 10 (Sept. 3), pp. 
317-319; no. 11 (Sept. 10), pp. 347-319: no. 12 (Sept. 17), p. 
387; see also Gas & Oil Power, vol. 48, no. 577 (Aug. 1953), pp. 
184-191; Machy. Market, no. 2755 (Sept. 4, 1953), pp. 29-36; 


no. 2756 (Sept. 11), pp. 33-44; no. 2757 (Sept. 18), pp. 28-29; 
Mar. Engr. & Naval Architect, vol. 76, no. 920 (Sept. 1953), pp. 
354-361; Brit. Motor Ship, vol. 34, no. 403 (Oct. 1953), pp. 360 
303. Illustrated description of exhibits at 19th biennial Engi- 
neering, Marine and Welding Exhibition and Chemical Plant 
Exhibition held at Olympia, London, Sept. 3-17, 1953. 

Metals Testing. Ultrasonics in Testing of Metal Plates and 
Welds. Petroleum Times, vol. 57, no. 1464 (Sept. 18, 1953), pp. 
935-936. Ultrasonic inspection apparatus applied by Monk 
Bretton Works, near Barnsley, Great Britain, for detection of 
rolled slag inclusions in steel plates used for construction of frac- 
tionating column; principle of work with echo pulse reflection ap- 
paratus. 

Power Supplies and Resistance Welders, A. B. White. Indus- 
try & Power, vol. 64, no. 4 (Apr. 1953), pp. 86-89, 100. In ear- 
lier resistance welding equipment kva demand of machines was 
high and distribution systems were inadequate; how recent im- 
provements have overcome these difficulties; development of 
distribution equipment which makes load center distribution 
system practical; developments in welders; current trend to- 
ward 3-phase welders. 

Television Receivers, Manufacture. Soldering 1000 Leads in 
One Mechanized Operation, K. M. Lord. Factory Mgmt. & 
Maintenance, vol. 111, no. 7 (July 1953), pp. 108-109. Factors 
involved in conversion to mechanized soldering for television 
assembly at General Electric’s Electronic Park, Syracuse, N. Y.; 
dip solder machine consists of flux tank, solder tank, sprocket- 
driven endless chain conveyor and auxiliary equipment; capacity 
is 350 chassis units per hour. 

Water Pipe Lines. Portland, Ore., Builds New Pipe Line, G. 
B. Arthur. Pub. Works, vol. 84, no. 8 (Aug. 1953), PP. 80-81, 
142-144. Portland builds 10 miles of 66-in. and 15'/» miles of 56- 
in. welded steel water pipe lines; illustrated description of laying, 
welding, testing, and corrosion protection. 
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Destruction Tests and Data for Welded 
Pressure Vessels 


® Results of tests on Alcoa’s aluminum alloy 
A548 (ASTM GR40A) to develop welding procedures 
and design data for fabrication of pressure vessels 


by John B. Custer resentative of typical shop quality; and (3) the destrue- 
tive hydrostatic testing of these tanks to provide proof 
of the strength characteristics of this new alloy. 

The results of the welding-development program, 
part of which are shown in Fig. 1, were used to choose 
fabrication procedures for the test tanks. These 
procedures, details of which are outlined in Fig. 2, were 
felt to be the optimum for production of the strongest 
vessels. The welding terminology used in the data and 
throughout the text are defined as follows: 


HE competitive position of aluminum alloys in the 

construction of unfired pressure vessels and welded 

structures has been improved with the announce- 

ment of a high-strength, nonheat-treatable com- 
mercial alloy designated A548 by Aluminum Company 
of America and GR40A by the American Society for 
Testing Materials. 

A growing demand for aluminum alloys in tanks, proc- 
essing equipment, and welded structures has made 1. Tungsten arc: Argon-shielded, tungsten elec- 
the aluminum industry aware of the need for higher- trode, a-c current, manual manipulation. 
strength alloys. The development of A548 aluminum . Consumable electrode: Argon-shielded, aluminum 
alloy has provided an answer to this need for higher alloy electrode, d-c current, semiautomatic op- 
strength. This, in conjunction with its high resistance eration with machine-fed electrode. 
to corrosion by various waters, chemicals and foods; The strengths of welds made by the two methods are 
its lightweight, nonsparking properties, high thermal approximately the same. They have, therefore, been 
conductivity and adaptability to being easily formed grouped together in Fig. 1 showing the strengths of 
and welded provides an aluminum alloy that is better welds in sheet and plate from '/s- to 3-in. thick. The 
suited to meet the fabricators’ requirements for welded tungsten are method of welding consumes more time 
construction. and thus produces greater heat distortion of the parts 

The merits of A548 alloy were established by a test being welded. The consumable electrode provides a 
program carried out by the Aluminum Company of greater concentration of heat with a resulting faster 
America. This program included: (1) The develop- weld rate and less distortion. Because of this high con- 
ment of the most desirable » 2lding methods along with centration of heat and a faster rate of filler metal depo- 
welded-joint strength data; (2) the construction, based sition, penetration is more easily effected and weld 
on the welding-development results, of four tanks rep- cracking is minimized. 

—_ The four test tanks were made of '/s-, '/4-, 1/2- and 
l-in. thick sidewalls with a length-to-diameter ratio of 


Aluminum Company of America, New Kensington, Pa. 
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How MINIMUM TENSILE 
STRENGTH OF A54S-0 
m 53° 
4 2 20000 52 
~ 3 15.000 60 
WwW w a 
59 23 02 awn 
= | 40 
w 82 2m, 
“6S 5000} 
Ow 
fe) 0 Se 
, THICKNESS OF PLATE, IN. 
LEGEND 
ARGON-SHIELDED TUNGSTEN-ARC WELDS AND ARGON-SHIELDED CONSUMABLE 
§ ELECTRODE WELDS BOTH MADE WITH PARENT METAL 
MINIMUM 
| NUMBER OF TESTS INDICATED BY ADJACENT FIGURES 
: Fig. 1 Strength and ductility of butt (groove) welds in A54S plate 
DIMENSIONS ANDO TEST RESULTS 
A | 8 | | © FAWURE LOCATION 
1 | % |44%|15%| 600 | 37,800 | ADJACENT 
4] 1 | 404) 1,505 31,400 To 
CONSTRUCTION DETAILS, A54S ALUMINUM ALLOY TEST VESSELS 
PREPARATION EDGE PREPARATION PREPARATION 
OREAK EDGES BREAK EDGES 1 ALL JOWTS 
approx. APPROX. leases WELD FILLER 
2 WIRE USED 
SAME AS SECTION F-F 
TACK WEL "BACK-UP STRIP 
TUNGSTEN ARC WELD TUGSTEN ARC WELD 
GREAK EDGES OREAK EDGES CALL JOINTS 
2 P SAME AS SECTION F-F THROUGHOUT. 
% TACK 34g BACK-UP STRIP FITTINGS PROVIDED 
CONSUMABLE ELECTRODE WELD | CONSUMABLE ELECTRODE WELD 
Ne TALL JOINTS 
RADIOGRAPHED. 
2.0548 WELD FILLER 
TACK WELD 4, BACK-UP STRIP “WITH REINFORCING. 
é: ELECTR WELD | CONSUMABLE ELECTRODE WELD Pads. 
4 WIRE USED 
' % Ygeack-ur WELD |s. FITTINGS PROVIDED 
WITH REINFORCING 
ze LECTRODE WELD | CONSUMABLE ELECTRODE WELD | CONSUMABLE ELECTRODE WELD | PA0S. 


Fig. 2 Construction details, 1454S aluminum alloy test vessels 
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Table 1—Results of Tensile Tests of Original Plate and of Specimens Taken from A54S Aluminum-Alloy Fusion- 
Welded Pressure Vessels 


Vessel Thickness, in. Source of specimen Tensile strength, psi Yield strength,* psi Elongation in 2 in. or 4D,% 


1 Original plate 48,900 46,400 5.5 
180 deg from weld 45,300 36,700 11.0 
Across weld 38,400 30,600 9.0 
2 /, Original plate 45,700 42,100 8.5 
10 in. from weld 44,100 38, 400 12.0 
Across weld 32,200 24,500 12.0 
3 Original plate 33,300 12,300 32.3 
16 in. from weld 36,600 26 , 200 21.6 
Across weld 32,400 22,600 12.8 
All weld 32,900 22,800 10.6 
4 1 Original plate 34,000 16, 100 31.5 
12 in. from weld 36, 200 24,800 23.0 
Across weld 34,000 24,600 13.0 


All weld 22,400 


* Offset equals 0.2%. 


une eaneouns rhe testing portion of the program 
set 2 consisted of slowly increasing the hy- 
AOLUMETRIC EXPANSION CURVE AT 100 drostatic pressure in each vessel until 
TT NT OF N PRESSU 
10} (Oy OROINATE SCALE. failure occurred. Volumetric expan- 
= 267 = le=~ 
sions were noted after increments of 
22+ pressure for both the '/:- and 1-in. wall 
te vessels in order to illustrate the yield 
+ mnaracte a ¢ 
characte ristics of the alloy. Total cir 
a4- 
( recorded for these vessels to determine 
° 
‘ approximately the ‘elongation charac- 
oT 44 teristics under biaxial stress conditions. 
2+ ly 
L The pressures at failure and the 
CHANGE IM VOLUME, 100 CU. IN. computed hoop stresses are given in 
‘ Fig. 2 and the volumetric expansion 
CHANGE IN VOLUME, PER CENT a data are plotted in Fig. 3. The cir- 
27" 1.0.x WALL AS4S ALUMINUM ALLOY VESSEL PRESSURE-VOLUME CURVES cumference of the '/2-in. wall vessel 


increased 6.3% while that of the 1-in. 
wall vessel increased 9.9%. 


aon ° After testing, the structures of some 
a of the welds were examined by polish- 
ing and etching cross sections of intact 
2 oA portions of the longitudinal seams of 
the '/o- and l-in. wall vessels. These 
[es ws sections are shown in Fig. 4. 
a] v= 2 Coupons for tensile tests were re- 
e3 8 moved from each vessel so as to obtain 
Lat strength data across the weld and in 
the shell sections away from the heat- 
* 2 affected zone. In tests of specimens 
: 67 8 10 11 1213 14 18) | 187 190 191 taken across the weld, it should be re- 
(| membered that values for both elonga- 
tion and yield strength are dependent 


13 


CHANGE W VOLUME, PER CENT upon the gage length. In these speci- 


403," 1.0.x" WALL AS4S ALUMINUM ALLOY VESSEL PRESSURE-VOLUME CURVES mens, the weld surfaces were within 
the gage length and were not machined. 


Fig 3 in. and 1 in. wall A54S aluminum alloy Pressure-Volumetric , 

expansion curves Therefore, the specimens were not 
uniform either in cross section or struc- 
2:1. Spunsemiellipsoidal heads with major-to-minor ture, and the mechanical properties would be expected 

axes ratio of 2:1 wereemployed. All the welding on to vary considerably from the flat plate specimens. 
the '/s-in. wall vessel was done by the tungsten arc Results of these tests are shown in Table 1, along 
process; whereas that of the other vessels was done by with the results of mill tests made at the time the metal 
the consumable electrode method. Alloy A545 filler was rolled. In the two thickest vessels, the higher ten- 
wire was used throughout. Complete design details of sile strengths and yield strengths of the plate 12 to 16 
each individual vessel are shown in Fig. 2. in. from the weld, as compared with the original prop- 
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Thickness Not Greater Than 0.250 In. 
Tensile strength, Yield strength,* Elongation 


Temper psi psi in 2in., % 
A548-O 35,000 15,000 25 
-H32 39,000 30,000 14 
-H34 42,000 33,000 12 
-H36 45,000 36,000 9 
-H38 48 ,000 39,000 


* Offset equals 0.2%. 


erties of the plate, are the results of cold working of the 
plate during construction and testing of the vessels. 
By comparison with the typical properties given in 
Table 2, it will be seen that the '/s- and '/,-in. materials 
have properties about equivalent to those of the -H38 
temper. 

It may be seen from Fig. 2 that the calculated hoop 
stress at time of failure ranged from 31,400 psi for the 
l-in. wall vessel to 38,200 psi for the '/,-in. wall vessel. 


Table 3—Typical Tensile Properties of A54S-O Plate 


Thickness, Tensile strength, Yield strength,* Elongation 

in. pst psi in 2in., % 
0.250 34,000 15,000 28 
0.375 34,000 14,000 29 
0.500 34,000 13,000 29 
1.000 34,000 13 ,000 29 


* Offset equals 0.2%. 


Table 2—Typical Tensile Properties of A54S Sheet— 


Fig. 4 (Above) 1-in. thick A54S aluminum alloy vessel 
longitudinal weld section. (Below) '/»-in. thick 4548S alum- 
inum alloy vessel longitudinal weld section 


As can be seen in Figs. 5, 6 and 7, the failures in the 
and '/:-inch wall vessels were either in or ad- 
jacent to the longitudinal weld. This is as might be ex- 
pected because this region of the plate is partially an- 
nealed by the heat of welding. The fracture of the 
1-in. wall vessel as shown in Fig. 8 was nearly tangent to 
the reinforcing pad around a nozzle opening in the shell. 
Although this may seem unusual, it is recognized that 
this type of construction introduces a nonuniform stress 
condition. The computed average hoop stress in this 
case was 31,400 psi. 

The volumetric expansion of the and 1-in. wall 
vessels, shown graphically in Fig. 3, portrays the vield 


Table 4—Typical Tensile Properties of A548 Products at Various Temperatures 


Tensile strength, psi, 


Yield strength,* psi, 


Elongation in 2 in., % 


after holding at after holding at after holding at 
testing temperature: testing temperature: testing temperature 
Temp., ° F. '/, hr 10,000 hr 10,000 hr '/y hr 10,000 hr 
A548-O 
-320 51,000 7 17,000 40 
-112 36,000 vce 15,000 32 
0 35,000 act 15,000 , 28 
75 35,000 35,000 15,000 15,000 25 25 
212 35,000 35,000 15,000 15,000 30 30 
300 30,000 30,000 15,000 15,000 40 40 
400 23,000 23,000 13,000 13,000 45 45 
500 16,000 16,000 8,000 8,000 65 65 
600 9,500 9,500 5,000 5,000 90 90 
700 5,000 5,000 3,000 3,000 120 120 
A548-H34 
-320 57,000 39,000 24 
-112 44,000 34,000 17 
0 42,000 33 ,000 14 
75 42,000 42,000 33,000 33 ,000 12 12 
212 40,000 40,000 32,000 31,000 15 15 
300 35,000 34,000 ,000 28,000 23 25 
400 26,000 26,000 18,000 18,000 30 30 
500 16,000 16,000 8,000 8,000 65 65 
600 9,500 9,500 5,000 5,000 90 90 
700 5,000 5,000 3,000 3,000 120 120 
A548-H38 
-320 64,000 46,000 20 
-112 50,000 as 40,000 15 
0 49,000 39,000 12 
75 48,000 48,000 39,000 39,000 8 8 
212 46,000 45,000 38,000 37 ,000 12 14 
300 41,000 39,000 3,000 30,000 18 20 
400 30,000 29,000 18,000 18,000 35 35 
500 16,000 16,000 8,000 8,000 65 65 
600 9,500 9,500 5,000 5,000 90 90 
700 5,000 5,000 3,000 3,000 120 120 


* Offset equals 0.2% 
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characteristics of the alloy. The curves of the '/2-in. hoop stress* of 13,800 psi. ‘The pressure at first per- 
wall vessel indicate the beginning of permanent set manent set of the l-in. wall vessel was approximately 
to be at approximately 500 psi pressure or a computed 650 psi pressure which corresponds to a computed hoop 
stress of 14,000 psi. These figures agree with the typi- 
cal yield strength of annealed plate as given in Table 3. 
Typical tensile properties for sheet are shown in Table 
2 and typical properties at various temperatures are 
shown in Table 4. 

It can be concluded from these test results and labo- 
ratory data that A548 aluminum alloy can be advan- 
tageously employed in the design of pressure vessels. 
The results of the destruction tests indicate that the 
strength of welded joints is at least equal to the specified 
minimum tensile strength of unwelded annealed plate. 


Therefore, the design values shown in Table 6 (based 
on Table 5) for the annealed temper at room tempera- 
ture are justified. 

Experience gained during construction and testing of 


these vessels, as well as during other investigational 


in. wall aluminum alloy pressure vessel 
tested to destruction work, has indicated that the formability of this alloy 


of P(R + 0.6t)/t. Where f stress, psi; P pressure, psi; R = 
inside radius, in.; and¢ = shell thickness, in 


A 54S-1 
INSIDE DIA. 40.5” 


BURST PRESSURE 1505rs: 


Fig. 8 1 in. wall A54S aluminum alloy pressure vessel 
tested to destruction 


Fig.6 ‘/, in. wall A54S Aluminum alloy pressure vessel 
tested to destruction 


Table 5—Minimum Tensile Properties of A54S Plate in 


fr Thickness Range 0.250-2.000 In. 
ee ea Tensile strength, Yield strength, Elongation 
Temper psi psi in 2in., % 
: A548-O 30,000 11,000 18 
Alloy ASAS*F Shell -H32 36 ,000 26,000 
Inside Dia.: 27 -H34 39,000 29,000 6 
-H36 42,000 32,000 5 
Burst Pressure1185 -H112 30,000 11000 8 
Fig.7 ‘/>in. wall 1 54S aluminum alloy pressure vessel 
tested to destruction * Offset equals 0.2%. 


Table 6—Suggested Pressure Vessel Design Stresses for Temperatures Up to 400° F, Aluminum Alloy A54S, 4:1 
Safety Factor* 


Design stress, psi, for metal temperature not exceeding: 


Temper 100° F 150° F 200° F 250° F 300° F 350° F 400° F 
A548-OF 7350 7350 7350 7000 6400 5650 4900 
A54S-H112 7350 7350 7350 7000 6400 5650 4900 
A548-H32 9000 8950 8850 8250 7400 6550 5600 
A548S-H34 9750 9700 9500 8800 7900 6900 5900 


* These data are based on one-quarter tensile strength or two-thirds yield strength, whichever is less. 
t For welded construction, stress values for 0 material shall be used. 
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is comparable to that of 528* aluminum alloy. Except 
in certain cases involving critical forming operations, 
A548 can be formed on equipment developed for 52S 
and 61S¢ alloys. 

The use of the higher design stresses permissible with 
this new alloy can result in thinner sections, thereby 
enhancing the competitive position of aluminum by re- 
ducing cost and weight. Designers are finding the al- 
loy attractive not only for the construction of stationary 
process equipment such as piping, vessels and tanks, but 
also for mobile units where light weight is important. 
Already some companies are experimenting with A54S 
aluminum alloy in applications such as dry bulk haulage 
trailers, tank cars and tank trailers. One company is 


* Alloy GR20A of ASTM Spec. B-178-52T. 
+ Alloy GS11A of ASTM Spec. B-178-52T. 


at present manufacturing earth movers of 6l-cu yd 
capacity. 

The excellent welding and forming characteristics and 
high strength of welded joints in conjunction with the 
natural advantages of aluminum—light weight, cor- 
rosion resistance, nonsparking properties and high ther- 
mal conductivity—made aluminum alloy A548 truly 
a metal with a bright and promising future. 

Postscript: Since the writing of this article, 
aluminum alloy A548 (ASTM Designation GR 40A) 
has been approved for use in the construction of unfired 
pressure vessels fabricated by fusion welding under the 
applicable rules of section VIII, 1952 ASME Un- 
fired Pressure Vessels Code. See publication of special 
ruling, Case 1174, December 1953 Issue of Mechanical 
Engineering. 


by Perry R. Cassidy 


HE Pressure Vessel Research Committee is utilizing 
University Research facilities exclusively for its 

sponsored research. The resulting research has 

been very satisfactory at Purdue with Dr. Sturm, 
at Lehigh—first with Bruce Johnston and then with 
Robert Stout, at the University of Illinois with Thomas 
Dolan and Professor Bowman, at Ecole Polytechnique 
with Dr. Welter, and at Cornell with Professor Winter 
and Professor Bijlaard. 

All of our research projects have been correlated to a 
common objective. With our limited budget we have 
concluded that we cannot afford to diffuse our research 
to unconnected projects. We decided to concentrate 
upon a single objective: a study of high-tensile steels 
for pressure vessels and the effect of concentrated 
stresses in vessels made from such steels with average 
design stresses in the shell at °/s to */, yield stress. 
There is no design experience of any extent or for any 
length of time to guide us in this research. Most 
experience in pressure vessels has been with carbon steel 
such as A201, A285 and A212 at average design stresses 
of one-fourth minimum ultimate specified. 


Pe R. Cassidy is Chairman, Pressure Vessel Research Committee of the 
Welding Research Council. 

Summary of remarks made at University Research Conference, Cleveland, 
Oct. 21, 1953. 
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Pressure Vessel Research in the Universities 


In order to simplify the problem, we have considered 
only the most favorable conditions of design and opera- 
tion. These are: 


1. Materials—only flange or firebox. 

2. Stress concentration reduced by reduction in 
discontinuities. 

3. Full penetration butt welds, X-rayed and 
machined flush. 

4. Stress relieved after welding. 

5. Noncorrosive operating conditions. 


It is recognized that these conditions would apply 
only to maximum pressure and a favorable class of 
vessels. The ordinary class of run-of-mine vessels 
would not be included. 

Without corrosion or any condition which would 
result in thinning of the walls of the vessel, it is assumed 
that an average design stress which would permit a 
hydrostatic test of 1'/, design pressure would not 
distort the vessel even with a design stress of */, yield 
strength. The stress at hydrostatic pressure would 
be “/is yield strength. At points of stress concentration 
the stress would exceed yield stress under hydrostatic 
pressure resulting in plastic yield, a residual compression, 
but a range in stress and strain unchanged. 

Our research projects are all directed to determining 
the effect of such concentrated stresses and strains in 


(Continued on page 78-8) 
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by W. S. Pellini and E. W. Eschbacher 


Abstract 


Explosion Bulge tests were conducted to determine the effects 


of peening the last pass of E6010 VV butt welds of ABS-B ship 
plate. The performance of the weldments is shown to be severely 
impaired by peening due to embrittlement of the weld metal. 
It is concluded that peening of the last pass is a hazardous prac- 
tice if the weldment is expected to serve at temperatures such that 
the base steel is susceptible to the initiation and propagation of 
brittle fractures. 


INTRODUCTION 


EENING of welds to control distortion is essential 

to the solution of many fabrication problems. The 

various codes which govern welding procedures per- 

mit such peening with the exception of the last 
pass. The restriction is based on the general opinion of 
the various code authorities that the cold work asso- 
ciated with peening is detrimental to weld ductility. 
In the case of the intermediate passes the damage is 
considered to be eliminated by the heating effects of 
the subsequent pass and accordingly is permitted. 

While the restriction to peening the last pass has been 
in effect for many years there has been considerable 
contention by fabricators, desirous of using peening 
for the last pass, that the regulation is both unnecessary 
and arbitrarily restrictive. This contention is based 
on the fact that data showing positive damage to the 
performance of weldments due to peening of the last 
pass were not available. Thus, the subject and prob- 
lem of peening last passes has remained a controversial 
one. 

In order to resolve this question the Welding Re- 
search Council, through the Peening Committee, spon- 
sored an extensive investigation concerned with the 
evaluation of the notch ductility of as-deposited and 
peened weld metal. The results of this investigation. 
which was conducted at the American Bureau of Ship- 
ping Laboratory, have been made available in a pre- 


W. S. Pellini and E. W. Eschbacher are with the Naval Research Labora- 
tory, Washington, D. C. 


Presented at the AWS Thirty-Fourth National Fall Meeting held in Cleve- 
land, Ohio, week of Oct. 19-23, 1953. 
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Effects of Peening Last Pass of Welds 


® Peening last pass is undesirable if weldment 
is expected to serve at low winter temperatures 


vious report.! Briefly, it was demonstrated by modi- 
fied Charpy tests that the effects of peening were detri- 
mental to weld notch ductility. 

The development of the Explosion Bulge Test for the 
evaluation of full-size weldments provided a means for 
direct comparison of the performance of peened and as- 


deposited weldments. Inasmuch as the problem of 
peening last passes is of interest to the Navy the tests 
were conducted at the Naval Research Laboratory in 
cooperation with the research program of the Welding 
Research Council. The American Bureau of Shipping 
provided the weldments. 


MATERIALS AND PROCEDURES 


The weldments used in this investigation were pre- 
pared from 1-in. thick ABS-B ship plate (0.18% C, 
0.75% Mn, 0.03% Si, 0.033% 8, 0.018% P). Two 
12- x 24-in. plates were joined by a 60-deg VV butt 
weld to form a 24- x 24-in. weldment. The weldments 
were prepared by a commercial fabricator under the 
direction of the American Bureau of Shipping. The 
welding conditions were as follows: E6010 electrode, 
5/s-in. diam, d-c reverse polarity, 45-deg position. 
The first pass was chipped to ensure soundness; all 
welds were radiographed and any defects noted were 
repaired. The welding was performed under average 
shop conditions and is considered representative of pro- 
duction quality. A total of 23 weldments were pre- 
pared of which 12 were selected for peening. 

Peening was performed by the American Bureau of 
Shipping using an automatic machine which provided 
close control and reproducibility of the peening condi- 
tions. The following conditions were used: heavy 
hammer, tool with '/,-in. diam nose, 90 psi air pressure, 
25-lb riding load, 3°/s ipm travel speed, frequency of 
blows 1400/ min, energy output 14 ft-lb per blow. 
These conditions were considered to represent “heavy” 
peening and mild flaking was observed to develop during 
the operation. 

All weldments were flame cut to the 20- x 20-in. size 
required for the Explosion Bulge Tests by removing 
2-in. wide strips from each of the four sides. The strips 
were saw cut to remove material affected by the flame- 
cutting operation and the cut sections were polish- 
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Fig. 1 Representative macrographs of welds 
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HARDNESS (VPN) 


rte 


06 10 4 
DISTANCE BELOW WELD SURFACE (INCHES) 


Fig. 2. Summary of Vickers hardness tests of weld metal 
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ground and etched to examine the weld contour; Fig. 1 
shows representative macrographs. Vickers hardness 
determinations were made over a distance from 0.02 
to 0.14 in. below the weld surface for each sample. 
Figure 2 summarizes the results of the hardness tests 
for the as-welded and peened samples. It is observed 
that the peening operation increased the hardness of 
the welds approximately 100 VPN near the surface 
and approximately 30 VPN at the 0.14-in. position. 
This phase of the investigation was conducted at the 
Laboratory of the American Bureau of Shipping. 


EXPLOSION BULGE TESTS 


The explosion tests were made according to the stand- 
ard practice developed for weldment evaluation. The 
weldments were cooled or heated to desired test tem- 
peratures, placed over a circular die and loaded by the 
detonation of a 4-lb Pentolite charge positioned 15 
in. above the plate. Figure 3 illustrates the method. 
The high energy gas pressure developed by the explo- 
sion clamps the plate rigidly to the die and causes bulg- 


Fig.3 Explosion Bulge Test. Circular die (top) and a test 
weldment in position for firing (bottom). The explosive 
wafer (standard 4 lb charge) is placed on top of a cardboard 
box used to establish the desired 15-in. offset distance 
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Fig. 4 Explosion Bulge performance of weldments at vari- 


ous temperatures; 
number of shots required for failure 


thickness reduction at failure and 


Fig. 5 Bulge deformation at 4 shots 


ing over the die cavity region. If 
failure is not obtained on the first 
shot the plate is returned to the tem- 
perature control box for re-equaliza- 
tion to the desired temperature. 
This process is repeated until a weld 
failure is obtained or to a limit of 
four shots if failure is not developed. 
The test sequence causes an increase 
in bulge deformation (measured as 
depth of bulge or thickness reduc- 
tion of the plate) in reproducible 
steps. If failure is not developed 
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on the first shot a thickness reduc- 
tion (TR) of the plate (simplest 
method of measuring deformation) 
of 3° is reached, following the 
second, third and fourth shots the 
TR is 6, 9 and 14%, respectively. 
On development of a failure the TR 
obviously will be of a level which is 
in the range between the levels of the 
final and previous shots; for ex- 
ample, a failure obtained on the third 
shot will fall between 6 and 9% TR. 
Actual measurements of TR were 
made for all test plates to determine 


Illustrating excellent performance of weldment 
with weld ripple removed 
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the exact level of deformation at which the failure oc- 


The tests are conducted over a series of tempera- 
tures to establish the range over which the weldment 
looses its ability to develop extensive deformation prior 
to failure. The method represents a ductility transi- 
tion test for a full thickness weldment. 
ance criterion of prefracture deformation is basically 
of the same type as the prefracture lateral contraction 


The perform- 


criterion (ductility) used for the evaluation of welda- 
bility tests of the Lehigh and Kinzel type. 

Figure 4 illustrates the result of the bulge tests for 
the peened and for the as-welded test plates. The 
peened plates in all cases failed on the first shot. At 
temperatures in the range of 40 to 80° F the plates re- 
mained almost flat and the TR was barely measurable 
(1° or less); in the range of 100 to 160° F a slight bulg- 
ing and TR of 2 to 3°% was observed. This increase 
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Fig. 8 Illustrating that plate properties determine the extent of fracture while weld properties determine whether the 
starting of fracture is easy or difficult 
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is believed to be due primarily to the difficulty of 
initiating a fracture in the base steel at these high 
temperatures, as will be discussed. The as-welded 
plates showed a transition from low to high levels of de- 
formation in the range of 60 to 100° F. With the excep- 
tion of three low values (1 shot failures) obtained at 
40, 60 and 80° F all of the as-welded plates demon- 
strated a convincing superiority over the peened plates. 
Figure 5 illustrates the extensive bulging which is de- 
veloped in the case of weldments which required 4 shots 
for failure. 

In the course of testing the as-welded series it was ob- 
served that sharp ripples in the welds appeared to act 
as notches. Figure 6 illustrates the nature of the rip- 
ples. The point of failure of the 80° F test (1 shot, 2% 
TR), for example, was at a particularly sharp ripple. 
This observation suggested the evaluation of the per- 
formance of as-welded plates in the absence of the rip- 
ples. Accordingly, the weld reinforcement of two 
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plates was removed by grinding flush with the plate 
surface. The subject plates were tested at 40 and 80° F 
and withstood 4 shots (14% TR) without failure, Fig. 7. 
The improvement which was obtained is of particular 
significance for the 40° F test inasmuch as the previous 
test with the weld ripples developed failure at approxi- 
mately 1% TR. It is concluded that the presence of 
sharp weld ripples is damaging to the performance of 
the weldments. If feasible, a grinding operation should 
be performed to remove ripples of the sharp notch 
variety. 

One plate of the peened series was tested with the 
reinforcement removed to investigate the effect of the 
weld material which was most heavily cold worked. 
Approximately '/s-in. of the weld was removed by this 
operation and, as indicated by the hardness data of Fig. 
2, this resulted in removing all of the material which 
showed more than 30 to 40 VPN hardness increase. 
The plate was tested at 80° F and withstood 3 shots 


80°F - ISHOT- 1% TR. 
B 


Fig.9 Illustrating the profusion of brittle cracks developed in the peened weld at all temperatures of test. 
At 140 and 160° F the plate refused to fracture; at 120 and 100° F short fractures were developed (see Fig. 8); 
at 80, 60 and 40° F the extent of fracture increased progressively with decreasing temperature 
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(9°, TR) prior to failure. Inasmuch as all prior tests 
of peened welds showed failures on the first shot it may 
be concluded that the damage zone is localized to the 
surface layer of the weld and that it may be removed 
by a simple grinding operation or possibly by a cover 
pass. 

Previous Explosion Bulge Test investigations of 
mild steel weldments have demonstrated that while 
weld properties control the level of deformation at 
which failure of the weldment occurs, the extent of the 
failure is determined by plate properties. Figure 8 
illustrates the nature of fractures obtained at 40 and 
100° F for the peened and the as-welded plates. At 
40° F the plate is readily susceptible to fracture propaga- 
tion as indicated by the extensive breakage. At 100° F 
fracture propagation is difficult and both weldments de- 
veloped localized fractures. The inferiority of the 
peened weld is demonstrated by the fact that weld 
failure occurred at 2°©% TR (Ist shot) while the as- 
deposited weld resisted fracture to 13° TR (4th shot). 

At 140 and 160° F numerous fractures occurred in 
the surface of the peened weld but, as shown in Fig. 9A, 
there was no extension of the failures to the base plate. 
This is due to the fact that while the peened weld is 
brittle even at this high temperature the plate is en- 


tirely resistant to brittle fracture (above its fracture 
transition). Previous experience has shown that con- 
tinued loading following a weld failure at a tempera- 
ture above the fracture transition of the base plate re- 
sults only in the development of short, shear tears. 
The peened weld developed a great number of cracks 
at all temperatures of test. Figure 9B shows the case 
for a 80° F test; in this case it is observed that three of 
the weld cracks competed as “source” points for the 
brittle fracture of the plate. 

These data illustrate that a heavily peened weld is a 
highly efficient crack starter and will serve to introduce 
a profusion of cracklike notches into the weldment. 
Whether or not the presence of such severe notches re- 
sults in the collapse of the weldment is determined by 
the properties of the base steel. Unfortunately, our 
present structural steels are highly sensitive to the pres- 
ence of notch defects, particularly at temperatures of 
“cold” service (below 60° F). Thus, peening of the 
last layer of weld metal should be considered a dangerous 
practice which greatly increases the hazard of the initia- 
tion of brittle fractures in the base steel. 


1 Calamari, P. L., Crum, F. J., and Place, G. W., “An Investigation on 
Peening,’’ Toe Weipine JouRNAL, 32 (8), Research Suppl., 387-s (1953) 


Discussion by Louis J. Larson 


HIS PAPER IS very timely and interesting. The 
authors are to be commended for an excellent report 
on a well-planned test program. 

The data presented by the authors furnish very 
important information concerning several questions 
about the effects of peening which have long been 
debated. The data presented indicate that: 

1. The surface of either base metal or weld metal, 
peened in the manner used in these tests, is very 
definitely embrittled. Stress relieving at 1150° F after 
peening the surface is not always effective in eliminating 
the damage to the peened surface. 

2. Depositing a layer of weld metal over the peened 
surface completely restores the notch toughness of the 
peened material. 

3. There is no advantage in trying to peen the weld 
metal as hot as possible. Up to a temperature of 900° 
F the damaging effect of peening increases with in- 
creasing temperature and from a practical standpoint it 
is impossible to peen welds at temperatures above 900° 
F. 


Louis J. Larson is Consulting Engineer of the Allis-Chalmers Manufactur- 
ing Co., Milwaukee, Wis 


Paper by P. L. Calamari, F. J. Crum and G. W. Place was published in 
the Supplement to Tae Wetpine JouRNAL, 32 (8), 387-8 to 402-s (1953). 
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Investigation Peening 


These findings are very gratifying and agree with the 
opinions of many of those who advocate and use 
peening. It has long been the belief of most welding 
engineers and metallurgists that the finishing pass of a 
weld should not be peened. Recently I had the 
occasion to observe the Magnaflux inspection of a 
welded structure which is now in service. While 
Magnafluxing the welds, we observed Magnaflux in- 
dications in the base metal adjacent to one of the welds. 
A more careful examination showed that the surface 
of the plate had been peened at this location. We 
ground the surface smooth and slightly below the 
original plate surface and found that there were still a 
number of short cracks in the plate. These cracks 
were obviously due to peening the surface adjacent 
to the weld. Although the cracks were small they 
would be serious in a structure subjected to repeated 
stress or to impact loads. 

It has also been the opinion of those who use peening 
that no permanent damage is done to the metal by any 
reasonable amount of peening and that the effect of 
peening is completely eliminated by a subsequent weld 
bead. 

The rules of the Boiler Code and other regulations 
governing peening are based on these two assumptions 
and the correctness of the regulations is verified by the 
data presented by the authors. 
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On the question of peening hot vs. peening cold, below 
150° F, there have been many discussions. These 
tests show that so far as damage to the metal is con- 
cerned, peening hot is more harmful than peening cold, 
but if another layer of weld metal is to be deposited, 
the embrittlement due to peening will be eliminated in 
either case. The question of whether peening hot is 
more effective in decreasing the stresses due to welding 
is not answered by this investigation. However, if 
the metal is peened too hot it will develop stresses again 
after peening while cooling down to the temperature of 
the base metal and in that respect peening hot is less 
effective than peening cold. In most large weldments 
where peening is likely to be used, the peening is 
ordinarily done after the weld cools to temperatures 
approximating the interpass temperature and from the 
data presented this practice appears to be as good as 
any. 

The amount of peening used in these tests, even for 
the samples which were fast peened, is greater than 
that normally used on production work. The are: 
which was peened in these tests was apparently about 
'/,in. wide. For a weld |. in. wide, the rate of travel 
for a corresponding amount of peening would be ap- 
proximately 5 ipm, and for a 1-in. weld it would be 
2 '/e ipm, which is heavy peening compared to that 
normally used on a production weld. The specimens 
which were peened at 5 ipm were peened very heavily 
compared with most production welds. This might be 
expected to cause flaking of the material and possibly 
produce small cracks in the surface which may account 
for the fact that the specimens which were slow peened 
were not improved by stress relieving at 1150° F. 

It is interesting to note that the peening tool adopted 
for these tests is practically the same as that normally 
used on production work. It has been found by 
experience that a round tool of sufficient size to prevent 
punching holes in the metal is not effective for peening 
in a weld groove. With a round tool it is practically 
impossible to peen the metal near the side walls of the 
groove. 

The data shown in Fig. 3 on the calibration of 
peening hammers appear to be more consistent and 
logical than some previously published. These data 
show no reduction in the effectiveness of peening by 
using even the heaviest riding loads on the hammer. 
The only surprising values are those fcr the middle- 
sized hammer with zero riding load at 75 and 90 psi 
pressure. It is hard to understand why the energy 
under these conditions should be greater than that with 
a 50-lb riding load. Experience on production welds 
indicates that it is necessary to hold the hammer down 
with some pressure in order to obtain effective peening. 
From the data in Fig. 3 it does not appear that air 
pressure is too critical although obviously the pressure 
should not drop far below the normal 90 Ib used in most 
shops. It is gratifying to note that the conditions 
normally used for peening welds are very effective in 
producing the desired effects. 

This investigation indicates the harmful effects of 
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peening improperly done and shows how the damage 
done by peening can be eliminated. However there 
is no direct indication that peening is beneficial. The 
advocates of peening base their opinion on shop 
experience which they believe shows conclusively that 


peening is a great help in preventing cracking and 
reducing distortion during the welding of heavy struc- 
tures. I have seen many structures which developed 
cracks in or adjacent to the weld and which were later 
rewelded without difficulty when the welds were 
properly peened. I have also used peening to control 
deformations caused by heavy welds to within a very 
few thousandths. Since these are the primary reasons 
for peening welds it is felt that the use of peening can be 
very helpful in many cases. 

The data presented by the authors on dimensional 
changes due to peening are an indirect indication cf 
how peening can be used to control distortion. The 
transverse displacement of the metal on a 2-in. gage 
length across the weld, due to peening in the manner 
described, was over 0.010 in. on the tep surface and only 
slightly less on the bottom of the plate. Thus by peen- 
ing only a narrow area on the top surface of a 1/2-in. 
plate it was possible to stretch the full thickness of the 
plate by this amount. Obviously, by peening the full 
width of every layer of weld metal it is possible to 
greatly reduce and possibly eliminate the transverse 
shrinkage due to welding. If the shrinkage of the 
weld metal is reduced, the distortion of the structure 
and the stresses produced by welding are also reduced. 
These findings are consistent with observations of the 
strains in base metal adjacent to welds. Measure- 
ments of such strains, using strain gages, have indicated 
that the strain in the base metal adjacent to the weld 
can be reduced by peening to only a small fraction of 
the strains in similar structures produced by welding 
without peening. 


Authors’ Reply 


The authors wish to acknowledge with thanks Mr. 
Larson’s very informative and practical discussion of 
their paper. It is agreed that the amount of peening 
used on the laboratory specimens with the peening 
machine was more severe than would normally be used 
in manual production peening. With a single peening 
pass at the fast rate of travel (20 ipm), it was found 
necessary to peen severely in order to produce a peened 
notch of sufficient depth for the impact specimens. 
Moreover, it was felt that any ill effects on the physical 
or metallurgical properties could be more readily 
determined if the specimens were severely peened. 

When the chisel-shaped peening tool was first 
adopted, it was found that the amount of flaking ap- 
peared to be associated with the degree of relief at the 
leading edge of the tool, as well as the speed of travel. 
For the slow travel rate (5 ipm) the peening tool was re- 
lieved sufficiently so that flaking was _ practically 
negligible. The discussor has suggested that. small 
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cracks associated with the flaking might be responsible 
for the failure of the 1150° stress relieving treatment to 
improve the properties of peened weld metal. The 
authors have to advise that microscopic examination at 
1500 X on several random weld samples which had 
been peened at room temperature and then stress 
relieved at 1150° F failed to disclose the presence of 
microcracks. It might also be pointed out, as shown in 
Figs. 35 and 36 of the report, that this stress-relieving 
treatment had practically no effect on the hardness of 
peened weld metal. 

With regard to the peening hammer calibration data, 
Mr. Larson has pointed out that slightly higher energy 
values are shown for zero riding load than for 50-lb 
riding load when using the medium hammer at 75 and 


90 psi air pressure. The authors only explanation for 
this is that during these calibration runs with zero 
riding load an excessive reciprocating motion of the 
hammer itself was observed. The resulting blips on 
the oscilloscope screen therefore varied considerably in 
height depending on the relative motions of the hammer 
and the tool at the time the blow was delivered to the 
calibration box. It may well be that most of the 
pictures of these blips, since they were taken at random 
were taken when the hammer and the tool were acting 
together to increase the energy of the blows. This 
excessive up and down motion of the medium hammer 
with zero riding load did not occur when the actual 
grooves were peened in the prime plates and welds nor 
did it occur during any of the other calibration tests. 


Pressure Vessel Research in the 
Universities 


(Continued from page 70-s) 


the plastic range for design pressure as affected by the 
number of life cycles of the vessel. 

We have studied various types of stress raisers such as 
notches, surface defects, welding and welded nozzles. 
We have established the effect upon life cycles for these 
conditions. 

We have developed three types of tests that duplicate 
conditions in pressure vessels: 


1. Biaxial bend tests in full thickness specimens at 
Lehigh. 

2. Biaxial pressure tests on flat-plate full-thickness 
specimens at the University of Illinois. 

3. Tests on model vessels with stress raisers at 
Feole Polytechnique. 

4. Theoretical analysis of concentrated stresses due 
to supports at Cornell. 

5. Theoretical and test analysis of concentrated 
stresses at head junctions at Purdue and 
Standard Oil of Indiana. 


We have covered parameters of materials, fabrica- 
tion, and design. We have covered low-temperature 
conditions. We propose to investigate high-tempera- 
ture conditions up to 650° F with a fall-off in yield 
strength and Young’s Modulus. In the coming year 
we shall investigate steels with yield strengths of 
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70,000 to 90,000 psi and tensile strength of 100,000 to 
120,000 psi. 

While we have eliminated corrosive conditions to 
simplify our research, it is recognized that for the oil 
industry and chemicals this may be a necessary factor. 
A study of the effect of corrosion may be a necessary 
problem in the future. 

A coordinating committee has been appo‘nted con- 
sisting of the directors of research projects at Lehigh, 
Illincis and Feole Polytechnique to draw conclusions 
from the work at these institutions. Included in 
this committee are the chairmen of the preject 
committees at these institutions, all from industry. It 
is expected that during the next two years this joint 
committee will present, for publication, conclusions that 
may be used by designers, fabricators, and Code 
writing bodies as the result of PVRC research. 

We have been greatly impressed with the results of 
cooperation among several university research labora- 
tories and industry. Such cooperation and correlation 
has been most satisfactory and productive. It leads me 
to conclude that hit-or-miss individual research in 
university laboratories, such as for doctorate degrees, 
which may result from individual interest or decision as 
to what should be investigated, may be of unexpected 
value in long-time trends but in general may be less 
valuable to scientific progress and early application 
than guided research for a common objective. 

There are certain fields in Science that should have 
priority from practical need. It is recognized that 
fundamental science requires individual effort that 
should not be inhibited. But on the other hand, there 
is much to be done to fit in with required practical 
research that can be used to advantage without delay. 
Academic research can profit by such guidance. 
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ield-Weld Test for Mild Steel Welds at Low 
emperatures 


by John R. Watt and 
James J. Smetana 


INTRODUCTION 


HE authors believe that much cur- 
rent literature about welds at low 
temperatures is incomprehensible to 

most active welders and their supervisors. 
A simpler test, analogous to actual welds 
in the field, seemed desirable. 

Consequently, the following tests were 

made using specimens requiring little 
preparation, no notching, and no machin- 
ing. The weld beads were left intact as in 
real welds. 


MATERIALS 


To further popularize the subject, com- 
mon steel and electrodes were used. The 
steel furnished by the Jorgenson Steel 
Co. of Houston was Universal Mill Plate 
1/,in. thick and 12 in. wide. Of SAE 1020 
classification, its chemistry and properties 
were as follows: 

0.24 
0.42 


Phosphorus. . ' 0.016 
8 0.030 


Yield point, psi..... 38,340 
Elongation, 31 
Tensile strength, p;i. 61,670 

This steel was cut transversely into 4- 
x 12-in. test plates in preparation for the 
welding. 

The °/»-in. diam electrodes were fur- 
nished by several firms. The following 
were used in these tests: 

Class E6010. Of organic coating, these 
created weld deposits of approximately 
C 0.07, Mn 0.47, Si 0.22 and § 0.03. 

Class E6016. These low-hydrogen rods 
of potassium type yielded deposits of 
approximately C 0.10, Mn 0.50 and Si 
0.49. 
ae R. Watt is Associate Professor of Mechanical 
Ungineering, University of Texas, Austin, Tex., 
and James J. Smetana was Research Assistant, 


University of Michigan, Ann Arbor, Mich. He 
is now employed by the General Electric Co. 
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>» A simulated field weld test speci- 
men requiring no notching or machining 


Fig. 1 The bead is welded upon the test plate at 90 deg to the “‘roll’’ of the steel. 
The specimens are '/,x '/,in. in cross section and are unnotched 


Fig. 2 Semiautomatic welding head allows close control of bead after 
adjustment to suit burndown rate of electrode 
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Fig. 3 Due to bead reinforcement, 


absorbed slightly more energy than did unwelded ones. 


at 94° F room temperature welded specimens 


Illustration includes 


specimens from other tests 


Class E6015. These low-hydrogen rods 
of sodium type deposited metal of approxi- 
mately C 0.08 and Mn 0.70. 

All electrodes were new and undamaged. 
They had been stored together, so mois- 
ture contents were relatively the same. 


SPECIMEN PREPARATION 


The extreme ends of each plate were 
removed beforehand to provide 16 un- 
welded test bars for control purposes. 

Specimens were made by running a 
single bead down the center of the 12 x 4 
test plates. This placed the bead at 90 
deg to the roll of the steel. See Fig. 1. 
Welding was done by a skilled welder using 
a semiautomatic welding head used in 
other experiments. See Fig. 2. This de- 
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vice compensated for burn-down rate and 
allowed laying down extremely uniform 
beads. 

The welds were made at four current 
settings, the welder adjusting manually to 
get beads of equal size. 

The beginning and ending 1 in. of each 
bead plate was discarded and the re- 
mainder sawed into transverse specimens 
about '/, in. wide. These were not 
machined or notched in any way. The cut 
surfaces were ground smooth on a mag- 
netic grinder, and the specimens sawed to 
Charpy bar length. All specimens were 
marked to indicate their identity. 

A total of 192 weld test specimens was 
made, or 16 for each current setting for 
each electrode. These were chosen from 
varying positions in the test plates to 
ensure fair sampling. 
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THE TEST 


Two questions were being investigated: 
First, the comparative impact strengths of 
welds from the three electrodes at low 
temperatures; and second, the effect of 
welding current settings upon the low-tem- 
perature impact properties of metal from 
the same electrodes, 

The appropriate welded and unwelded 
specimens were first tested at room tem- 
perature, 94° F, typical tested bars being 
shown in Fig. 3 along with samples from 
other tests. The others were chilled in 
alcohol and dry ice baths maintained at 
—3, —50 and —109° F. The refrigerated 
bars were then withdrawn one by one, in- 
serted into the standard impact testing 
machine and immediately broken like 
Charpy bars. The intervening rise in tem- 
perature has been shown by other investi- 
gators to be negligible. 

The bars were inserted so the hammer 
struck on the side opposite from the weld, 
thus placing the bead in sudden tension. 


THE RESULTS 


The comparison of the E6010, the £6016 
and the E6015 electrodes is shown in 


Table 1. Readings are in ft-lb of absorbed 
energy. 
Table 1 
Amp 94 —3 —50 —109 
£6010— Averages of 4 specimens each 
120 63 68 39 2 
140 65 72 37 2 
160 67 75 30 23 


180 68 66 38 28 


£6016 —Averages of 4 specimens each 


120 69 63 72 9 
140 62 71 73 18 
160 72 71 70 33 


180 67 S4 73 43 


16015 —Averages of 4 specimens each 


130 62 69 56 2 
150 63 54 6 
170 63 65 36 4 


73 75 7 


190 ot 
Unwelded specimens—-Averages of 4 
specimens each 


63 68 75 81 


See Figs. 4, 5 and 6 for typical speci- 
mens after testing at —3, —50 and 
—109° F, respectively. 

To summarize, the three electrode ma- 
terials behaved about as follows: 


(averages of 16 bars, disregarding welding 
current differences): 


= 

94 -3 -50 —109 
26010 66 7 34 14 
E6016 67 72 7 26 
E6015 64 68 55 4 
Unwelded 63 68 75 81 
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ductile failure, the metal first. tore away 
laterally from the weld and then doubled 
back toward the point of impact. These 
fractures were unmistakably fibrous and 
irregular. See Fig. 5. 

In brittle failure the fractures progressed 
directly from their origin on the weld side 
of the bar in a straight line to the other 
side. 

At 94 and —3° F, no brittle failures 
occurred. But at —50°,7 of 16 E6010 bars 
showed it, against none for the E6016 and 
3 for the E6015. 

At —109°, 13 of 16 E6010 specimens 
had brittle fracture, and 9 of the E6016 
bars. The E6015 welds all failed in brittle 
fashion. 

None of the unwelded specimens showed 
any sort of fracture. They deformed in 
bending enough to be thrown from the 
machine but were totally intact and sound. 


CONCLUSIONS 


1. So long as unnotched or unwelded, 
the SAE1020 base metal in '/, x !/,-in. 
sections exhibits little or no cold embrittle- 
ment down to — 109° F. 

2. Using half of their room tempera- 
ture impact values as transition points, the 
three electrodes tested here show rough 
transition temperatures as follows: 


£6010... —58° F 
156016 —98° F 
E6015.... —84°F 


3. The difference in the welding cur- 
rent settings had no visible effects except 
at —109°. Here, in every case, the greater 
the current the greater the impact resist- 
ance of the weld. 
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by W. R. Apblett and W. S. Pellini 


Abstract 
The development of hot cracks in welds results from the com- 
bined effects of metallurical and mechanical factors. Metal- 
lurzical factors relate to conditions of soliJification of the metal, 
the grain size, presence of low-melting eutectic films, etc.; me- 
chanical factors relate to conditions of strain (extension) de- 
veloped in the wel. metal during solidification as the result of 
differential cooling at various weld and near-weld positions. 
A hot cracking test was developed which evaluates the hot crack- 
ing susceptibility of weld deposits in terms of the severity of the 
mechanical conditions which are require | to produce hot crack- 
ing. It is demonstrate 1 that certain high-temperature alloys are 
inherently susceptible to hot cracking because of unfavorable 
conditions of soli ification; such alloys require close control of 
welding procedures to prevent hot cracking. 


INTRODUCTION 


HE very high temperature gradients which exist 

in jet engines, gas turbines and similar power units 

require that a gradiation of alloys must be joined 

together by welding. In many cases superalloys 
are joined to high-temperature alloys and these, in 
turn, to moderately heat-resisting alloys. 

Many applications of this type are made difficult by 
the problem of hot cracking. One particular applica- 
tion is the welding of buckets to the rim of turbine 
wheels, superchargers, etc. This specific type of hot 
cracking is called notch extension cracking. Figure 
1A illustrates this defect. Other defects of the hot 
cracking type encountered in welding of high-tempera- 
ture alloys are illustrated in the remaining illustrations 
of this figure. Root cracking and cracking which ex- 
tends from grain boundaries of coarse-grained materials 
are particularly troublesome. A review of the incidence 
of various types of hot cracks has been presented by 
Poole! for Type 347 stainless steels. He reported that 
control of analysis, particularly with respect to C to Si 
ratio, has resulted in a substantial reduction of such 
cracking, and that control of welding procedures en- 
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Factors Which Influence Weld Cracking 


» High-temperature alloys are susceptible to hot cracking and 
require close control of welding procedures to prevent hot cracks 


(©) COMBINED BASE METAL AND, WELD 
METAL CRACKS 
Various types of hot cracking defects 


©) cracks 


Fig. 1 


tailing preheating, careful fit-up, use of small diameter 
electrodes, string bead techniques in root passes, ete. 
were considered to be beneficial by various fabricators. 
However, despite the various empirical procedures 
which have been developed the problem remains a 
difficult and severe one. 

It is the general consensus of those who have inves- 
tigated this problem that basic data concerning the 
nature of the defect and of the important variables 
which determine its occurrence are prerequisite to a 
direct approach. Foremost, it is essential to develop 
tests which reproduce the production difficulties so as 
to permit systematic investigation of variables. 

This investigation is concerned with the development 
of such a test and with the evaluation of metallurgical 
and mechanical variables which have been shown to be 
important in determining the occurrence of similar 
types of hot cracking defects (hot tears) in castings, 


MECHANISM OF HOT CRACKING AS 
DEDUCED FROM CASTING STUDIES 


Studies conducted at this Laboratory by means of 
simultaneously following the solidification of castings 
by thermal analysis and radiography to determine the 
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(A) NOTCH EXTENSION CRACKS 


occurs at temperatures slightly above the solidus. At 


tures separated by essentially continuous films of liquid. 
It was further demonstrated by tensile tests of solidify- 
ing castings that the metal does not develop measurable 
strength until the surface skin approaches the solidus 
temperature and that an abrupt rise in strength of 
several thousand pounds per square inch occurs on 
passing through the solidus. At temperatures slightly 
above the solidus the fractures are of “square’’ type, 
exhibiting no evidence of ductility, and show a den- 
dritic appearance similar to hot cracks. However, on 
passing through the solidus the metal develops a high 
degree of ductility as evidenced by large reduction of 
area prior to fracture and the fracture appearance 


: changes to a ragged fibrous type. Details of the tests, 
- and interpretations of the data are presented in Refer- 
‘ ences 2 and 3. 

¥ Figure 2 summarizes the essential features of the hot 
; cracking phenomenon as deduced from the casting 


studies. The sharp changes in load bearing capacity 
and ductility which are developed in passing through 
the solidus are illustrated schematically and related to 
solidification temperature range of the metal. It 
should be noted from this illustration that during the 
growth of the dendrite structures (mushy stage of 
freezing) the metal has nil strength but permits exten- 
sive straining prior to fracture; the straining developed 
at this stage represents extension of the semifluid mass 
of liquid and solid. Hot cracking develops near the 
solidus inasmuch as straining which occurs at this 


START OF DENDRITE FORMATION 
ti] 
~ CROWTH 
DEARLY FILM STAGE 


= plate FILM STAGE 
BRIDGING DEVELOPS 


SOLIDUS ay } 
= — 


GROWTH STAGE 


Fig. 2. Mechanism of hot cracking as deduced from casting 


studies 
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time of cracking have demonstrated that hot tearing 


such temperatures the metal consists of dendrite strac- 


TOTAL STRAIN DEVELOPED DURING FILM LIFE PERIOD DEPENDS ON: 
(1) STRAIN RATE 
(2) TIME OF FILM LIFE 


EFFECT OF SEGREGATES IS SEVERE 
DUE TO INCREASED FILM LIFE 


WORMAL 
SEGREGATE FILM 
~ STAGE 
SEGREGATE 
SOLIDUS 


TINE OF NORMAL TIME OF SEGREGATE 
FILM LIFE FILM LIFE 


TIME 


Fig. 3 Low-melting-point segregates located at grain 
boundaries promote hot cracking by increasing the time 
that the weld metal remains in liquid film stage 


time is concentrated to narrow liquid film regions which 
do not provide for appreciable separation without caus- 
ing interdendritie ruptures following the liquid film 
paths. If the imposed strain is inadequate to cause 
rupture the metal passes through the solidus and then 
is no longer able to hot crack due to the absence of 
liquid films. Thus, hot cracking results when the race 
between achieving solidity and the imposition of strain 
on the film-stage metal is won by the straining process. 

It is foundry experience that the presence of elements, 
such as sulfur, which produce low-melting eutectic 
films greatly increases the tendency of steel castings to 
hot cracking. In fact when sulfur exceeds 0.05% it 
becomes extremely difficult to produce castings free 
from large hot tears. The reason for this behavior, 
which bears a parallel to weld hot cracking effects of 
sulfur, is illustrated schematically in Fig. 3. The 
existence of sulfide films to temperatures considerably 
below the solidus extends the time of film stage and 
provides further opportunity for the straining process 
to accumulate extension in the liquid film regions and 
thus cause hot cracking. 

It was concluded from the casting studies that metal- 
lurgical factors which influence solidification conditions 
provide the necessary conditions for hot cracking; how- 
ever, its actual occurrence is determined by the severity 
of the imposed strain conditions. It is well known in 
steel casting that a given metal composition may or 
may not hot craek depending on the design of the cast- 
ing and the yielding characteristics of the sand. These 
factors basically control the rate of extension imposed 
on the hot spot during the time it is susceptible to hot 
tearing. Narrow hot spots, rigid sand, and long regions 
undergoing contraction promote hot cracking since 
rapid extension of the hot spot results from this combi- 
nation of mechanical factors. 

A similar interplay of metallurgical and mechanical 
factors may be visualized at interbucket points, as il- 
lustrated in Fig. 4. As the are passes by two adjoining 
buckets expansion develops and upsetting may be vis- 
ualized to occur as the result of the expansion forces. 
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Fig. 4 Mechanism of hot cracking of the notch extension 
type 


Then, as the arc moves on leaving behind a molten pool, 
the buckets shrink, developing a gap which continues to 
open as the metal solidifies. Hot cracking cannot occur 
as long as the metal is in a mushy or growth stage since 
extensive strain is tolerated without fracture. How- 
ever, as the metal enters film stage the extension de- 
veloped by the opening-up process causes highly local- 
ized strain in the liquid film regions and hot cracking 
may then occur. 

A number of metallurgical factors related to the 
solidification range of the metal, the type of dendrite 
structures formed, the presence of film forming ele- 
ments, eutectics, etc., determine the sensitivity of the 
metal to the imposed strain. Thus, welding factors 
which effect the composition of the solidifying weld 
metal (metallurgical conditions) may be expected to be 
important. Welding factors which affect the strain 
, condition developed are also important since these fac- 
tors control the severity of the imposed strain (mechan- 
ical conditions). 


DEVELOPMENT OF HOT-CRACKING 
EVALUATION TEST 


Ideally, a hot-cracking evaluation test should permit 
practical control of mechanical and metallurgical var- 
iables. Also, the test should be customized to welding 
conditions and preferably should reproduce production 
difficulties. 

The approach taken in this development was to re- 
produce interbucket hot cracking which was considered 
to be representative of the general problem of hot crack- 
ing, i.e., straining of nearly solid weld metal. It was 
recognized that the various types of hot cracking prob- 
lems illustrated in Fig. 1 entail variations as to degree 
of severity of straining which is developed. Accord- 
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Fig. 5 Assembly of bars for hot-cracking test 


Fig. 6 Welding procedures for hot-cracking test 


ingly, provisions were made to introduce control over 
this factor. 

Figures 5 and 6 illustrate the essential features of the 
test. Bars 2.5 in. by 0.650 in. by variable widths ("/, to 


i! 


Results of hot-cracking test for metal of high 
susceptibility 


“gk & 
| 
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INTERFINGER OPENING - INCHES 
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Fig. 8 Illustrating that the final opening developed be- 
tween test fingers is a function of the finger width 


1 in.) are fitted together tightly in a clamping jig with 
a fixed pressure established by a torque wrench. A 
fusion weld or bead weld is then deposited across the 
assembly. The process of expansion followed by con- 
traction operates as described previously, resulting in 
cracks as shown in Fig. 7 for metals prone to hot crack- 
ing. By the use of bars of different widths it is possible 
to vary the degree of severity of straining. This re- 
sults from the fact that the final opening between bars 
is a function of the width. Figure 8 illustrates the re- 
lationship of final opening to finger width for two of the 
materials investigated. While the final opening in it- 
self is not important to hot cracking it serves as an index 
of the rate of s‘raining during the critical film stag> 
period of the solidifying metal. 

It should be noted that the effect of rate of welding, 
dilution, type of electrode, etc., may be evaluated di- 
rectly with such a test by appropriate modification of 
welding procedures. 


INVESTIGATION OF METAL SOLIDIFICATION 
VARIABLES 


The scope of the first investigation conducted with 
this method was limited to obtaining basic information 
related to solidification characteristics. For this pur- 
pose it was desired to have a weld metal of known com- 
‘position. Accordingly fusion welds were made by the 
inert-gas, shielded-tungsten-are method. 


= 

| 

/ 
<< 

$-590 
16-25-6 | 
FA EME 
/ 19°98 OL 
0 025 050 075 1.00 125 
FINGER WIDTH IN INCHES 
Fig.9 Extent of hot cracking for various alloys as a func- 


tion of the severity of mechanical conditions 


A number of alloys were selected to represent mate- 
rials currently used for high temperature applications. 
The alloy and chemical compositions are presented in 
Table 1. All are wrought materials except the HU and 
HW alloys which are cast types. A single pass bead- 
on-plate fusion weld was made acro:s the assembly of 
finger specimens, as shown in Fig. 5. It was found that 
differences in the physical characteristics (melting 
point, thermal conductivity, thermal diffusivity, etc.) 
of the various alloys precluded the use of any one set of 
prescribed welding conditions for all test specimens. 
It was necessary to adjust the welding conditions 
slightly to strive for a given cross-sectional bead size 
and geometry. The average heat input was approxi- 
mately 45,000 joules per inch. 

The results of the hot-cracking tests are shown in 
Fig. 9. The materials tested fall into two general 
groups, those which crack extensively and those which 
show little or no cracking. Decreasing the finger width 
decreases the unit strain imposed on the weld metal 
during film stage and accordingly decreases the amount 
of hot cracking which develops. However, it is noted 
that the relative ranking of the materials with respect 
to hot cracking characteristics remains the same for the 
various degrees of severity of the imposed mechanical 
conditions. 

It is known from casting studies that delay in the 
solidification of hot spots is extremely important inas- 


N-155 0.17 1.67 0.66 21.0 
HU 0.66 0.67 1.52 17.2 
HW 0.48 1.13 1.43 17.0 
S-599 0.46 1.20 0.40 20.0 
EME 0.15 0.52 0.57 19.5 
16-25-6 0.09 1.68 0.63 16.3 
19-9 DL 0.29 1.00 0.82 19.2 
Inconel ““X”’ 0.05 0.48 0.48 14.5 


Table 1 


Mo 
0.27 0.12 0.22 Bal. 
0.23 0.08 0.22 Bal. 
4.87 1.22 2.20 7.34 — Bal. 
3.15 1.15 Bil. 
6.25 age Bil. 


1.34 wea wh Bul. 
0.93 2.3 6.8 
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much as the colder regions of the casting which solidi- 
fied earlier contract and thus force the hot spot region 
to extend (strain). In effect the interfinger region of 
the test piece represents a hot spot inasmuch as the rate 
of heat extraction at this position must decrease as the 
opening begins to form. It is probable that the solidus 
temperature and solidification range should affect the 
time of existence of the hot spot and therefore the tend- 
ency to hot cracking. However, when all of the fac- 
tors which could act to determine the rate of opening up 
of the fingers as compared to the rate of solidification of 
the hot spot are considered (heat diffusivity of the solid 
metal, heat of fusion, etc.), it must be concluded that 
this is entirely too complex a matter to be adjudged 
analytically. In this respect the experimental deter- 
mination of the effects of solidification range and solidus 
temperature on hot cracking provided the information 
which is required. 

The liquidus and solidus temperatures of the various 
alloys were determined by induction melting small, 2-lb 
heats and recording the cooling curve obtained during 
solidification. The subject temperatures were deter- 
mined from inflections in the cooling curves. These 
data are presented in Table 2 and plotted as a function 
of crack length in Fig. 10. 

It is noted from Fig. 10 that the most extensive crack- 
ing is obtained for N155 which has the widest solidi- 
fication range and lowest solidus temperature. Inter- 


Table 2 
Alloy Liquidus, ° F Solidus, ° F 
N-155 2516 2125 
HU 2489 2315 
HW 2467 2290 
S-590 2435 2380 
EME 2600 2428 
16-25-6 2548 2440 
19-9 DL 2610 2425 
Inconel 2498 2395 


2700 
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Fig. 10 Relation of crack length to solidification range 


Fig. 11 Photomicrographs of structure at notch-fusion line region 
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Fig. 12 Photomicrographs of structure at notch-fusion line region 


mediate cracking tendencies are noted for HW and nounced columnar structures; also that there is no evi- 
HU which have intermediate solidus temperatures and dence of plastic strain of the metal at the fusion line. 
relatively wide solidification ranges. 
The remaining alloys show high soli- 
dus temperatures and are character- 
ized by low cracking tendencies. 
The relatively small differences in the 
cracking tendencies of this latter 
group do not appear to bear a fixed 
relationship to solidification range 
in fact, 8590 which has the narrowest 
solidification range shows the most 
cracking of this group while 19-9 DL 
which has the widest solidification 
range shows least cracking. Ap- 
parently, there are other factors, 
possibly related to the type of den- 
drite structures formed, which in- 
fluence hot cracking. 
Figures 11, 12 and 13 illustrate 
the metallographic characteristics of 
the fusion line area. The path of the 
hot cracks and the conditions at 
the fusion line for metals which 
resisted cracking are evident. All 
specimens represent samples from 
l-in. finger width tests. It is noted 
that all of the metals which cracked 30X 


extensively are characterized by pro- Fig. 13° Photomicrographs of structure at notch-fusion line region 
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Pronounced deformation is observed for metals of high 
resistance to cracking as noted by a needlelike shape at 
the fusion line. Inconel X and 19-9 DL which exhibited 
the greatest resistance to hot cracking show equiaxed 
structures. The EME alloy is an exception in that it 
shows high resistance to cracking despite the presence 
of pronounced dendritic structures. Apparently, the 
high solidus temperature is the controlling factor for 
thisalloy. These data suggest that susceptibility to hot 
cracking results from unfavorable 
pronounced dendritic structures which provide a semi- 
continuous liquid path and low solidus temperature 
which extends the duration of the hot spot. The solidi- 
fication range appears to be of secondary importance in 
comparison to the solidus temperature and further 
study is required to establish its relative significance. 

It may be concluded that a metal which is prone to 
hot cracking does so as the result of straining during a 
period of essentially nil strength; hence, there is no 
sign of deformation induced by stressing. A metal 
which is not prone to hot cracking (because of favorable 
solidification characteristics) successfully resists the im- 
posed strain during the period of nil strength and then 
on becoming completely solid flows plastically at the 
point of stressing. 


EFFECTS OF LARGE GRAIN SIZE OF BASE 
METAL AND PRESENCE OF LOW-MELTING 
SEGREGATES 


Castings and forgings of large grain size associated 
with the presence of low-melting segregate films are 
known to present difficult welding problems with respect 
to hot cracking. It is known that such materials de- 


velop cracks which extend from the grain boundaries 
into the weld proper as shown in Fig. 1D. 
were conducted with material containing abnormally 
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GRAIN BOUNDARY 


Fig. 14 Illustrating base metal—weld metal cracking in 18-8 material of large grain size (approximately 4 grains sq in.) 


combinations of 


FUSION 


high amounts of low-melting segregate films to explore 
this difficulty. Fusion welds deposited on a coarse- 
grained sample of cast 18-8 and 19-9 Cb containing 
approximately 0.10°7 8 developed cracks of the type 
illustrated in Fig. 14. Fine-grain material from the 
same casting and coarse-grained material which was hot 
forged did not show these cracks. 

This phenomenon is considered to represent a special 
ease of notch extension cracking with the notch formed 
automatically by the liquation of the low-melting 
segregates located in the grain boundaries of the base 
metal side of the fusion linearea. Figure 15 illustratesthe 
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Fig. 15 Schematic illustration of the process of weld hot 
cracking of the type shown in Fig. 14 
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mechanism for this case. The liquation of the segregate 
provides a notch region (the grain boundary) which 
forms a gap following the passage of the arc in a manner 
which is analogous to the interfinger separation of the 
hot-cracking test specimen. 

Fine grain size decreases or entirely eliminates this 
effect by virtue of redistribution of the segregate re- 
sulting from hot working or finer as-cast grain size. In 
effect coarse grains are analogous to wide fingers in the 
hot cracking test and small grains to small fingers. The 
change in grain size represents changes in the mechani- 
cal conditions which affect hot cracking. Changes in 
welding procedures which affect the severity of the 
mechanical conditions should be expected to have simi- 
lar effects. However, it should be noted that it is essen- 
tial that the hot weld metal be inherently susceptible to 


hot cracking due to metallurgical factors, otherwise no 
hot cracking will result irrespective of the severity of the 
mechanical conditions. 
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by Georges Welter and André Choquet 


INTRODUCTION 


HE purpose of this investigation* was to extend, by 

experimental work, the findings on single spot 

welds! to multiple spot-welded joints. The possi- 

bility of an inprovement of the fatigue resistance 
of Alclad aluminum alloy 24ST joints consisting of 
double, triple, quadruple and quintuple spots was in- 
vestigated and a study of the stress distribution 
around the multiple spots was made. 

Results of fatigue tests with five various types of 
multiple spot welds in the as-received condition and 
after hydrostatic treatment are described. The present 
publication is a summary of our Report No. 308.’ 


B—SPECIMENS USED 
The 0.06-in. thick test specimenst used for this 


investigation were manufactured under normal con- 
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Stress Distribution and Fatigue Resistance of 
Alclad Multiple Spot Welds 


» Results of fatigue tests of five types of multiple spot welds 
in the as-received condition and after hydrostatic treatment 


ditions of welding procedures as laid down under section 
C; the spots were X-rayed to eliminate faulty welds. 
Figure 1 shows the arrangements of the spots in the 
multiple joints, as well as their main dimensions. It 
may be of interest to note that the width of all speci- 
mens was 2 !/s in., except for the vertical two-spot 
arrangements having | '/. in. widths and for the five- 
spot arrangements having a width of 2 '/, in. The 
distance for all outside spots to the edge of the sheet 
was */, in. and the overlap 2 '/s in., except for the two 
horizontal spot welds showing 1 '/2 in. and for the weld 
with five spots having 2 '/2 in. These dimensions 
might be of some influence on the microdeformations 
measured at the interface of these joints. 


C—WELDING PROCEDURE 


The main welding characteristics are as follows: 

1. Vapor degreased. 

2. Chemical cleaning in standard Nitric-Hydro- 
fluoric acid. Time of immersion: 1 '!/:min. Resulting 
average faying surface resistance: 10.6 microhms. 

3. Welding done on an electrostatic stored energy 
spot welder under the following conditions: 


(a) Tips: Two 5/s-in. tips, 3-in. radius dome to 6-in. 
radius dome. 
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Fig. 1 Dimensions of five different arrangements of multiple-spot-welded joints 
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(6) Tip Force: 2000 lb, a forge force of 2000 Ib. 
(c) Mfds: 2600 

(d) Volts: 2325 

(e) Watt Seconds: 7200 

(f) Transformer Turn Ratio: 450 to 1. 


4200 


4. Average shear strength of individual spot welds: 


1034 Ib. 
5. X-ray Results: 
cracks, porosity and expulsion. 


D—TEST RESULTS 


1. Fatigue Tests Under Cyclic Pull-Pull Leads 
with Five Various Types of Multiple Joints in 


the As-Received and Hydrostatically Treated 


Condition (Figs. 2 to 6) 


These tests have been carried out on a Krouse Direct 
Repeated stress twin-testing machine with a capacity of 
5000 Ib. (Number of cycles: 1500 per min.) All 
specimens were stressed so that the minimum load was 
about 20°, of the maximum tension load. This 
machine stops automatically if the load decreases 
slightly, due to a fatigue crack developing in the joints. 

In the as-received condition, as well as after hydro- 
static treatment, all five types of multiple joints have 
been investigated under cyclic pull-pull loads up to 
fracture. At a fatigue limit, as agreed at a maximum 
of 10,000,000 cycles, no visible cracks near the welds is 
to be found. The time necessary to reach 10,000,000 
cycles on this machine is about a week. A few tests 
have been run up to 15,000,000 and 20,000,000 cycles. 
Test results, showing a discrepancy on the S—N dia- 
gram, were checked by other specimens and in some 
cases the average of two readings has been taken as 
final test results. 

As represented in Fig. 2, joints with two-spot arrange- 
ments in horizontal position show in the as-received 
condition a fatigue limit of about 400 lb. At this load, 
the joint supported over 10,000,000 cycles without 
failure. Hydrostatically treated specimens of this 
type, as described in a previous work! and indicated in 
this figure by square signs, supported over 10,000,000 
cycles without cracking at a repeated load of 650 Ib. 
The S—N diagram is in this case somewhat flatter if 
compared to untreated joints. 

Similar results have been found for the joint with a 
two-spol arrangement, one spot above the other, as this 
is represented in Fig. 3. For untreated specimens, a 
fatigue limit at over 10,000,000 cycles has been found to 
be about 400 Ib, which is more or less the same value as 
for two spots placed in horizontal position. Hydro- 
statically treated specimens of this type will stand about 
700 Ib, a somewhat higher cyclic load without failure 
than as-received double spots in horizontal position. 
The S—N diagram of treated specimens is also slightly 
flatter compared to untreated joints where the number 
of cycles increases only slowly with decreasing repeated 
loads. 


92-s 


All high-quality welds, free from 


los 


L0ad— 


Fig. 2 S-N curves for two spot joints, horizontal pattern, 
for hydrostatically treated and as-received specimens 
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Fig. 3 S-N curves for two spot joints, vertical pattern, 
for hydrostatically treated and as-received 
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Fig. 4 S-N curves for three spot joints, for hydrostatically 
treated and as-received specimens 


The fatigue results of three-spot arrangements, as 
represented in Fig. 4, show for untreated joints a similar 
characteristic as for the two-spot arrangements. The 
number of cycles is, for all loads, higher than for the 
preceding joints and the fatigue limit has been reached 
at about 450 Ib; this specimen supported about 15,000, 
000 cycles without failure. After hydrostatic treat- 
ment, the repeated loads for a similar number of cycles 
were very much higher. For these joints, the en- 
durance limit has been found to be in the order of 800 
Ib. 

As represented in Fig. 5, quadruple spot joints also 
indicate in the as-received as well as in the treated 
condition very interesting results. The fatigue limit 
of about 500 lb for untreated specimens can be increased 
by hydrostatic compression to about 100°%, so that a 
load of 1000 Ib repeated more than 13,000,000 times has 
been supported without failure. 

The fatigue results with five spots are represented in 
Fig. 6. They indicate a similar improvement by 
hydrostatic treatment, compared to joints in the as- 
received condition. At the fatigue limit of over 10, 
000,000 cycles, untreated joints supported about 600 Ib, 
while treated joints could be loaded under the same 
number of cycles to about double the amount, that is 
up to 1200 Ib without showing any fatigue crack. 

It can be noted from Table 1 that the fatigue resist- 
ance per spot is decreasing from 200 lb for one and two 
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S-N curves for five spot joints for hydrostatically 


treated and as-received specimens 
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Table 1—Tensile Strength and Fatigue Load in Relation to Spot Arrangement 


Actual 


Mazximum 
load, 


fatigue limit, 
lb 


Fatigue limit 


Actual fatigue load 
per spot, 
lb 


Fatigue ratio: 0 


Maximum teneile load’ 


As-received specimens 


2190 400 
400 
450 
500 
600 


Hydrostatically treated specimens 


650 

800 
1000 
1200 


200 
200 
150 
125 
120 


— mint 


spots regularly to 120 lb only for five-spot arrange- 
ments. This means, in other words, that the fatigue 
resistance per spot for joints with one to five spots is 
decreasing with an increasing number of spots per joint. 
This is also true for hydrostatically treated specimens 
decreasing from 325 lb per spot for double-spot welds 
to 240 lb per spot for the joints with five spots. 

Based on these fatigue test results, it can be said that 
the hydrostatic treatment of multiple spot-welded joints 
has a marked influence on their fatigue limit. As 
already indicated, for single spot welds, by a 150,000 
psi hydrostatic compression of multiple aluminum 
alloy joints, an improvement of about 80 to 100% of 
their endurance limit is obtained. Furthermore, it 
seems possible to reach still higher fatigue loads by 
studying carefully the optimum pressure applied during 
the hydrostatic treatment, as well as the size and shape 
of the die to be used to produce the local compression of 
the individual spots, once the welding process is com- 
pleted. 

These fatigue tests have been conducted under the 
usually accepted standard methods by loading one 
specimen with one definite load only, the load being 
repeated a number of cycles up to fracture of the 
specimen. This means that for each point plotted in 
the S—N curve one specimen has been used. 

In order to find out the influence of gradually loading 
the specimens, that is, from a minimum load applied a 
certain number of cycles under usual loading, and then 
higher the fatigue load, a series of tests have been 
carried out with specimens in the as-received condition. 
Welded specimens having two spots in horizontal and 
vertical positions as well as triple, quadruple and 


quintuple spot welds have been used for these tests 
The load has been increased for all spot arrangements 
after every 8 to 10 million cycles. Moreover for triple 
and quadruple joints a load increase took place after 
every five million cycles. 

By the results represented in Table 2, compared to 
the fatigue limit of specimens in the as-received con- 
dition at 10,000,000 cycles under a constant load, as 
shown in Figs. (2-6), it can be seen that by a gradual in- 
crease of the fatigue load of the spot welds only about 
a 10% higher load can be found as fatigue limit. This 
method which is known as the “training” of specimens 
under fatigue is fairly slow, the number of cycles being 
extremely high to obtain the desired fatigue limit. For 
this test series alone, over 145,000,000 cycles at various 
loads were necessary. This means that by using a 
fatigue machine at the rate of 1500 cpm, a period of 
about 70 days of 24 hr or 2 '/, to 3 months of unin- 
terrupted work of the machine of a 6-day week has 
been necessary to carry out this part of the investiga- 
tion alone. 


2. The Fatigue Limit of Multiple Spot Welds in 
Relation to Their Ultimate Tensile Load 


Copies of original load-deformation diagrams of 
untreated and hydrostatically treated specimens, as 
recorded on a Universal 60,000-lb Baldwin machine up 
to the rupture load are represented in Fig. 7 for all 
multiple spot arrangements, as well as for a single-spot 
specimen. From these test results, it can be seen that 
a hydrostatic compression of the welds has no marked 


Table 2—Fatigue Limit Reached After Progressive Loading 


Double 
horizontal 
Fatigue limit by standard method 400 
8-10 M cye. 


Progressive increase of fatigue load by “training” 400 
450 


Total number of cycles in millions 
Granp Tora or CYcLes 146.6 M. 


8-10 M cye. 
400 400 400 400 
450 450 450 450 


Double 
vertical 


Triple Quadruple 
450 500 


8-10 M 5M 8-10 M 5M 


Quintuple 
600 


8-10 M cye. 


500 500 500 
550 5 
600 
24.5 . 43.5 8.1 
M = Million cycles 
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Fig. 7 Automatic recording to rupture for untreated and 
treated specimens 


influence on the stress-strain diagram of these joints nor 
on the ultimate breaking loads. This is also visible in 
Fig. 8 where these results are represented statistically 
in bar graphs together with those of the fatigue limit of 
the joints in the as-received condition and after hydro- 
static treatment. The rupture load increases with the 
number of spots under shearing. Each additional spot 
increases the ultimate load roughly of about 1000 to 
1100 lb. In Table 1, the fatigue limit is expressed in 
percentage of the ultimate load in the as-received and 
hydrostatically treated conditions for one- to five-spot 
arrangements. The fatigue limit of 400 lb for untreated 
double-spot welded specimens increases to about 600 Ib 
for five-spot welds which is in percentage of the ultimate 
shear load only 18% compared to 11%. A similar 
behavior has been found with hydrostatically treated 
specimens. Their endurance limit increases from 650 
and 700 lb fer the two-spot arrangements to 1200 Ib 
for the five-spot welded joints, while the percentage of 
the ultimate load decreases from about 32 to 22% 

In the as-received condition, the fatigue limit is 
about '/, to '/s of the ultimate shear load compared to 
about '/; to '/4.5 for hydrostatically treated specimens. 
It can be said that a fatigue limit of roughly 23 to 329 
of the ultimate shearing load, as this is the case for these 
hydrostatically treated welds, is not too bad and stands 
comparison with structural materials such as mild steel 
medium and high-carbon steels as well as aluminum 
and copper alloys with roughly a fatigue limit of about 
35 to 58% of their ultimate rupture load in tension (see 
Seely, Resistance of Materials, 3rd ed., p. 293). 

Consequently these joints have, after hydrostatic 
treatment, a fatigue limit which is in an acceptable 
proportion to the ultimate rupture load, approaching 
that of other materials used in modern structures. In 
addition, there is some hope to still improve further 
these joints to a certain degree by a final adjustment of 
the hydrostatic treatment of these welds. 
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Fig. 8 Maximum load for rupture in relation to fatigue 
load at 10,000,000 cycles. (A) Untreated specimens. (B) 
Hydrostatically treated specimens 


Based on results of fatigue tests carried out under 
repeated pull-pull loads, it can be said that: 

1. The hydrostatic treatment of multiple spot- 
welded joints has, as for single spot welds, a marked 
influence on their fatigue limit. By a hydrostatic com- 
pression of multiple joints of about 150,000 psi in the 

rea of the spot, an improvement of about 80 to 100% 
of their endurance limit has been obtained as this is 
illustrated in Figs. (2-6). Still better results should be 
possible by a careful study of the optimum hydrostatic 
pressure application and the best possible shape of the 
lie in form of a very resistant steel piston to produce 
the local compression of the individual spot applied after 
the welding process is completed. 

2. After hydrostatic treatment, these joints have a 
fatigue limit which is in an acceptable relation to the 
ultimate rupture load under fatigue, approaching that 
of other structural materials. 

3. The stress distribution around the spot as in- 
vestigated in detail has been found to be of a complex 
nature taking place in a very reduced and critical zone 
at the interface of the weld. The intensity of the 
stresses is decreasing in this zone from the inside surface 
of the joint in all three directions, that is, sidewise of 
the horizontal axis of the joint, toward the interior of 
the sheet up to the neutral axis and in axial direction 
away from the edge of the spot. In fact, a stress con- 
centration of paramount intensity takes place in this 
very localized zone situated at the interface of the joint 
and immediately above the welded material in the heat- 
affected zone of the rigid spot. It is understandable 
that under repeated loads a crack develops in crystals 
of unfavorable orientation giving an explanation for the 
surprisingly low endurance limit of spot-welded joints of 
all kinds of material. 
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E—MEASUREMENTS WITH HIGH-PRECISION 

HUGGENBERGER TENSOMETERS IN CRITI- 

CAL ZONES OF MULTIPLE SPOT-WELDED 
JOINTS 


Summary of Findings 


In continuation of earlier work carried out on single 
spot-welded samples, in this investigation are described 
results of tests made with multiple spet-welded Alclad 
aluminum 24ST joints of 0.064-in. sheet thickness. By 
previous work, it has been shown that the main stresses 
and flow of material of spot-welded overlapped joints, 
during load transmission from one leg of the weld to 
the other, take place at the interface of the joint in the 
immediate vicinity of the spot. Extensive measure- 
ments with high-precision tensometers, adjusted in the 
critical zones of these multiple specimens, where the 
total and permanent microdeformations are developed 
under static loads, were made. They have led to the 
following findings. 

1. The reliability of the measuring instruments has 
been proved by adjusting four tensometers of the same 
type in the length axis of a plain aluminum alloy speci- 
men. All instruments showed, under load increments 
of 100 lb up to stresses of about 15,400 psi in these 
sheets, complete proportionality and close results re- 
garding the total microdeformation in inch per inch; 
no permanent deformation could be recorded up to 
these tension stresses and a modulus of elasticity of the 
sheet of a value of about 10,000,000 psi has been found; 
this is in good accordance with the generally accepted 
moduli for aluminum alloys. By this result, it has 
been proved that the indication of all four instruments 
used are quite reliable and measurements, having an 
accuracy close to a ten thousandth of an inch, have been 
obtained. 

2. Checking the axiality of the applied loads and 
the stress distribution over the cross section of the 
specimens, by the use of the same four tensometers, it 
has been found that the stresses are distributed quite 
satisfactorily over the cross section of the sample, as 
measured in two different sections. Special grips with 
spherical universal joints served for a more axial load 
application from the machine to the specimens tested. 
These results as well as those of the calculated modulus 
of elasticity of aluminum sheets check with the pre- 
ceding ones and prove also the reliability of the four 
tensometers used for these minute measurements. 

3. By similar tests to find out the accuracy of these 
instruments, the elastic and permanent deformations 
in an aluminum sheet around a hole of !/, in. diam have 
been measured under elastic and plastic stresses. 
According to the results obtained, it becomes evident 
that the sensitivity of these instruments is very great; 
they are completely reliable regarding these indications 
about elastic and plastic microstrains and any doubt 
about their accuracy or the results of the measure- 
ments obtained by testing this kind of welded joints has 
to be discarded. 
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4. Based on these preliminary results, microstrain 
measurements at the interface and in the axis of 
multiple spot-welded sheets in the as-received condition 
have been made. It has been found that the indica- 
tions of the instruments are very consistent; on double 
spot welds in vertical as well as horizontal arrange- 
ments, the microstrains are, under a load of 1200 Ib, 
relatively appreciable, showing 0.004-0.005_ in./in., 
while permanent plastic deformations have been found 
to be at this load about 25° of these values. 

5. Triple spot-welded joints show, at the same load 
of 1200 |b, total microdeformations of about half of 
those of the double-spot arrangement; no great differ- 
ences between the total microdeformation of the upper 
single spot (0.003 in./in.) and the lower two spots 
(0.0025 in./in.) of this arrangement has been found. 

6. For quadruple and quintuple spot arrangements, 
somewhat lower total microdeformations have been 
recorded for the outside spots, while they are practically 
inexistent in the central spot of the five-spot arrange- 
ments. With the number of spots, the moduli of these 
joints are increasing regularly from the lowest for 
double joints up to the highest for quintuple joints. 

7. After hydrostatic treatment of the joints, the 
results of the strain measurements at the interface in 
the axis of multiple spot-welded joints are very close 
to those of specimens in the as-received condition; they 
represent a confirmation for the results obtained with 
untreated multiple joints. It seems, however, as if the 
hydrostatically treated specimens show permanent 
deformations at somewhat lower loads than untreated 
welds. 

8. Results of strain measurements in various zones 
around double and triple spot welds obtained at 
various distance points from the center of the spot do 
not vary very much with increasing distances from the 
spot. This indicates that these strains measured at the 
interface are prevailingly due to a bending effect which 
in its initial state is greatly elastic and is not due to 
local flow of the sheet in the adjoining zone of the spot. 
This mainly elastic bending of the joint takes place 
around the horizontal axis of a single spot for instance 
and over the whole width of the joint. The sheet under 
tension suffers in this case a double bending movement 
taking place around the horizontal and vertical axes of 
the spot, forming a kind of depression at the center of 
the joint. 

9. Under prevention of the bending effect, by using 
a rigid steel sheath over the joint, about 30 to 40% 
lower total microdeformations have been recorded 
according to the distance of the measured zone from the 
spot. These tests show also that very pronounced 
bending effects of a rather complex nature develop in 
the welded joints under tension. 

10. By microdeformations, as measured on the 
outside surfaces of double-welded specimens, in com- 
parison to those measured at the interface, no total 
deformation whatsoever could be recorded between and 
above the spots; on the contrary, the tensometers have 
a tendency to show negative strains, indicating com- 
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pression stresses in these zones of the joints, put under 
tension loads. 

11. These tests, measuring the microdeformations 
in 10,000 of an inch per inch at the interface of the spot 
weld over a rather short distance and in an inaccessible 
zone where the main stresses are concentrated, permit 
a first hand investigation of the intriguing low fatigue 
resistance of the joint, the possibility to build up a 
clearer picture of what is going on in the rather com- 
plicated transmission process of stresses introduced from 
the sheets to the spots of welded joints put under low 
static and repeated loads. 

12. The angle of deflection of the spots in their 
horizontal axis has been measured during loading of 
double and triple spot-welded joints; it is rapidly in- 
creasing under increasing loads and shows already under 
fairly low external loads of about 200 lb a small per- 
manent deflection of a few minutes in double spot-welded 
joints; the same amount of permanent deflection of 
triple welded joints has been found at much higher 
loads. Also the total deflection of the weld with three 
spots takes place at loads which are about 40 to 50° 
higher than those of the double welded joints. 

13. The actual bending of double and triple welded 
joints, due to stressing, is of interest to study in order 
to give a clearer picture of the rather involved changes 
in flatness of the sheets around the spots and to find out 
the kind and degree of concavity building up around the 
spots in multiple welds. 

14. Hardness survey over the cross section of un- 
treated and hydrostatically treated welds show no very 
characteristic differences either between the unwelded 
sheets and the welded spot itself (about 30 to 40 Vhn) 
and untreated and hydrostatically treated specimens. 
In both cases, an average difference of about the same 
amount has been found. Furthermore, the compressed 
spot seems to have a somewhat reduced zone of mini- 
mum hardness compared to untreated welds. 

Detailed results of these tests are available in form of 
graphs in a report’ already submitted to the Welding 
Research Council, the above being an excerpt from that 
report. 


F—SOME THEORETICAL CONSIDERATIONS 
ABOUT THE STRESS DISTRIBUTION AROUND 
THE SPOTS 

Considering the results recorded by measurements 
made at the interface and in the longitudinal axis of the 
spots in multiple joints, we can make the following ob- 
servations about the stress distribution in the critical 
zone around the spots. Assuming that the spot itself, 
representing a more or less rigid block b of cast material 
due to the high welding temperatures reached during 
the welding process, does not undergo any major 
plastic deformation, the elastic and microplastic de- 
formations recorded by the Huggenberger extenso- 
meters at 1/, in. distance from the center of the spots 
are concentrated at the interface in the critical heat- 
affected zone a-a’ as a very pronounced bending of the 
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Fig. 9 Probable stress distribution around a one spot 
joint 


overlapped sheets takes place under increasing loads 
(Fig. 9). Furthermore, these microdeformations are 
located over a fairly small volume of the sheet metal 
reaching from the interface toward the neutral axis 
z-x', of the sheet under tension. The intensity of the 
stresses in this zone is necessarily decreasing rapidly 
from point a, Fig. 9, at the intersection of the interface 
with the solid spot in all three directions, toward the 
neutral axis x-x’, away from the spot in vertical direc- 
tion, as shown by experimental results, and finally also 
toward both sides of the longitudinal axis y-y’ of the 
joint, as this has been found by direct measurement as 
well as by the shape of the fatigue cracks developing at 
the interface of the weld at a very shert distance from 
the solid block of the spot itself. This means that a 
triple stress concentration takes place on the tension 
side of the sheet in this most vulnerable zone located 
very close to the spot. Furthermore, as was shown by 
the angle of deflection of the spot itself under increasing 
loads, as well as by the measurements of the gap 
between the overlapped sheets, having the tendency to 
bend simultaneously in two directions perpendicular to 
‘ach other, biaxial stresses take place in this already 
highly stressed, very limited zone a at the interface of 
the weld. This means that at this point located at the 
inside surface of the sheet, a few crystals orientated in 
such a way that their endurance against repeated 
stresses is low will start to show fatigue cracks, The 
propagatien of these cracks takes place in a matter of 
time due to their effect of notching at even lower loads 
than those initiating the cracks at the fatigue loads. 
In fact, the fatigue cracks which can be observed at 
the outside surface on overlapped multiple spot welds 
are already a further phase of the crack development 
starting at the interface. All fatigue cracks of this 
type begin to develop already at a much smaller number 
of cycles than those recorded by the pulsator at the 
fatigue limit. Cracks, as developed at the interface, 
are not visible at the beginning until they propagate 
under repeated loading through the whole thickness of 
the sheet, so that they become visible only at a later 


phase of the fatigue process. An improvement of the 
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fatigue resistance properties in this critical zone of the 
spot, obtained by the hydrostatic compression treat- 
ment of the joint, seems to be an explanation for the 
much higher endurance limit of these welds. On the 
other hand, a simple local cold compression, without 
prevention of the material to flow sidewise as done by the 
hydrostatic principle, does not produce the same effect. 
In this case, the material, if freely compressed under 
stresses of 150,000 to 200,000 psi, will have properties 
weakened by these stresses due to the fact that it is 
squeezed out from the spot in zones which remain un- 
affected during repeated loading of the joint. Further- 
more, the cross section of the spot is markedly reduced 
and consequently less resistant to repeated loads. 
Under hydrostatic compression, however, of the above- 
mentioned amount, practically no appreciable changes 
in the spots are visible and due to the only possible very 
small internal flow and rearrangement of the crystals in 
the material under these extremely high pressures, the 
fatigue limit is greatly improved. It seems as if the 
spot and its adjacent zones become denser by elimi- 
nating small internal voids and cracks in the cast and 
heat-affected material, so that by this very limited 
internal flow of the material, the mechanical properties 
regarding the endurance limit, as this could be shown 
for 24ST aluminum alloy sheets, are fundamentally 
changed; spot-welded joint is produced which is 


remarkably improved in its endurance limit, so surpris- 
ingly low in untreated welds. 

It may be assumed that due to the hydrostatic com- 
pression process, the weakest axis of the crystals being 
in a cast condition are orientated concentrically in a 
much more favorable way with regards to repeated 
fatigue stresses than in the untreated specimens. The 
final answer to this question can be given only after the 
crystal structure around the spots of hydrostatically 
treated specimens has been studied by X-ray diffraction 
methods in comparison with untreated as-received 
samples. 
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by Prof. A. Portevin 


HIS opportunity of addressing a few words to you 

is a great pleasure for me. My only regret is that 

I cannot be with you in person, for, as we all know, 

those who are united in the great task of teaching 
always derive a deep satisfaction from meeting and 
sharing their experiences. 

In view of my inability to be among you, only the 
kindly insistance of our friends Messrs. Biers and Sprar- 
agen persuaded me to prepare these few words; and 
so through their interest, I speak to you as Founder- 
Vice-President of the International Institute of Welding. 
I was asked to talk about “Welding Research in the 
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Universities 


European Universities’’—to me a discouraging subject 
because I know so well the extreme diversity of organ- 
ization in the various European countries and indeed 
the different views among us even to the concept of 
the word “university.”” My first reaction, therefore, 
was entirely negative for fear of talking to you either 
too briefly or at too great length—in either case, hardly 
effectively. However, after reflection, I thought you 
might perhaps be interested in an over-all statement of 
the position and in the difficulties and hopes we have 
in Europe. This will explain why I find it impossible 
to discuss in detail the topic suggested to me. 

One of the greatest difficulties in Europe is presented 
by our numerous national boundaries. The distance 
between Houston, Tex., where you met last June, and 
Cleveland, Ohio, where you are gathered today, is 
roughly equivalent to that between Copenhagen, Den- 
mark,and Florence, Italy. (I purposely chose these two 

(Continued on page 111-s) 
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Report Brittle Fracture Studies 


» Causes of storage tank failures, remedial steps and preliminary 
results in developing a test to simulate conditions at the time 


by F. J. Feely, Jr., D. Hrtko, S. R. Kleppe 
and Northup 


I, INTRODUCTION 


HIS paper covers progress to date on brittle fracture 

studies being conducted in the Standard Oil 

D>veclopment Co., Esso Engineering Department 

Laboratories. ‘These studies were undertaken to in- 
vestigate the cause of failure of two large oil storage 
tanks in England in the spring of 1952. The object is to 
determine what can be done to insure against similar 
tank failures in the future. 

The investigation has covered the broad field of pos- 
sible causes of tank failures and definite steps have 
been taken by our company to improve the quality of 
welding through the use of radiographic examination. 
At the same time, a laboratory program was begun to 
determine whether the use of better steel was the ulti- 
mate solution to the brittle fracture problem. 

From the beginning of the laboratory program, em- 
phasis has been placed on developing a test to simulate 
conditions at the time of the tank failure. The paper 
outlines the steps taken in developing this test, and, in 
particular, studies of the effect of changing specimen 
size, geometry, notch acuity, impact, and other test 
variables. A comparison is made showing the close 
agreement between test results and actual conditions 
at the time of failure, using steel from the two tanks 
which failed in England. Finally, a correlation is 
made between the test results and fundamental physical 
properties of the materials tested. 


Il. SUMMARY 


The Standard Oil Development Co. investigation of 
the brittle fracture in tank steel makes use of a test 
procedure which was originated in the company lab- 
oratory. This procedure was developed with a view to 
duplicating the conditions in a tank which fails in a 
brittle fashion. Certain features of other studies have 
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of tank failure which may result in the use of better steel 
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helped in developing the test, but it is believed to be 
unique in most respects. The object of the test is to 
relate both stress and temperature to the propagation 
of brittle fractures. 

The test developed utilizes notched tensile specimens 
varying from 6 to 40 in. wide and 3 to 16 ft long. The 
notch is an extremely fine brittle crack which is intro- 
duced at liquid nitrogen temperature prior to the test. 
Under constant stress and temperature conditions, a 
hardened steel wedge is driven into the notch using an 
impact gun. If the stress is below a certain critical 
value, the notch is only slightly extended and no failure 
occurs. If the stress is above this critical value, how- 
ever, the specimen fails completely with a brittle 
fracture. 

Using this type of test, approximately 120 specimens 
of steel plate have been tested thus far. Several dif- 
ferent types of steel have been tested, with the majority 
of work being concentrated on a single large ASTM 
A-285 plate in order to investigate all test variables. 
The data obtained indicate that below a certain tem- 
perature called the SOD transition temperature, the 
brittle breaking stress is constant while above this tem- 
perature the brittle breaking stress increases markedly. 

Considering the usual variation in physical properties 
found in testing steel, remarkable agreement exists 
between the brittle breaking stress of the Fawley steel 
as determined by the Esso Engineering test and the cal- 
culated stress in the tanks at the time of failure. The 
stress required for brittle failure to occur in the labora- 
tory for steel from one tank was found to be between 
12,000 and 14,000 psi at 40° F. Failure of the tank 
occurred at a calculated stress of 15,800 psi at 40° F. 
This is felt to be a good indication that the test is 
truly indicative of conditions in a tank at the time of 
failure. 

One of the objectives of the laboratory program is 
to determine whether or not conventional ASTM A-7 
tank steel should be replaced with a higher quality 
steel which is less subject to brittle fracture. Tests 
on American A-7 tank steels show a wide range of 
notch-resistant properties for this material. From a 
preliminary standpoint, results indicate that American 
Bureau of Shipping Class C steel corresponds to an 
A-7 plate which has high notch-resistant properties. 
English steel from the broken tanks at Fawley, on the 
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other hand, correspond to an A-7 plate which has low 
notch-resistant properties. Considerably more work is 
necessary, however, before relative quality can be es- 
tablished on a satisfactory statistical basis. 

There appears to be a fairly good correlation between 
the transition temperature determined by the SOD 
test and that found with the conventional Charpy 
V-notch impact test. Preliminary data also indicate 
that a correlation may also exist between the brittle 
breaking stress plateau and the modulus of rupture at 
liquid nitrogen temperature. 


Ill. 
Background 


DEVELOPMENT OF A TEST 


Early in the laboratory program an effort was made 
to determine what causes a brittle fracture to continue 
to propagate in some instances and stop in others. It 
is assumed that conditions which cause a brittle fracture 
to start initially are localized and are probably more 
severe than the average conditions. In the case of 
tank failures, there is evidence to indicate this is true. 
For example, on two occasions, short brittle cracks have 
occurred in the same tanks which later failed completely 
under more severe stress conditions. 

A review of the literature on brittle fracture studied 
prior to 1952 indicates that most of the emphasis was 
placed on determining the temperature where a given 
steel is subject to brittle fracture, using a number of 
different tests to indicate transition temperature range 
and correlating the results with actual failure experience. 
Notched tensile tests indicate brittle failures occur when 
the stress is in the range of yield stress or higher. It 
seems, therefore, that such tests are indicative only 
of conditions that lead to the start of a brittle fracture 
and do not shed light on propagation. 


It was interesting to note, therefore, the work of 
Robertson in England who studied the effect of stress on 
the propogation of a brittle crack in specimens with 
a superimposed temperature gradient. Particularly 
interesting was the fact that he was unable to get a brittle 
crack to propagate when the stress was below 10,000 psi. 
This raised the question of whether there is a minimum 
stress below which brittle cracks will not propagate. 
It was decided to investigate this question further and 
an effort was made to duplicate Robertson's work with 
certain modifications as described hereafter. 


Robertson Test 


At this point, it is perhaps desirable to review briefly 
the Robertson test to provide background for the devia- 
tions employed. As reported in the British publication 
Engineering, dated Oct. 5, 1951, Robertson utilized a 
specimen of the type shown in Fig. 1. This specimen 
contained a stress concentrator composed of a nub on 
the side of the plate with a 1-in. diam hole where liquid 
nitrogen was used as a coolant. Heat was applied on 
the opposite side of the plate to establish the desired 
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Fig. 1 Robertson type specimen 


gradient across the specimen. On the inside of the 
hole, Robertson made a jeweler’s saw cut. The plate 
was loaded through end connections which were of 
thinner plate so that they were stretched beyond the 
yield point during the test. This helped to correct 
any misalignment or bending conditions in the speci- 
men. When the desired temperature gradient and 
stress were applied to the plate, an impacting device 
was directed at the outer surface of the stress concentra- 
tor nub. This resulted in a brittle crack starting at 
the jeweler’s saw cut and propagating across the plate. 
The length of the crack thus produced depended upon 
the temperature gradient and the average stress level. 
Robertson determined the temperature at the end of the 
brittle crack by measuring the position of the tip of the 
thumbnail at the end of the brittle crack with respect 
to the temperature gradient on the specimen. He re- 
lated this temperature to the stress in the specimen. 
Using this test, he found that different steels exhibited 
wide variations in properties. It was felt that perhaps 
the most significant finding was that below a stress of 
10,000 psi Robertson could not get the brittle crack to 
propagate. 

Several questions come to mind in considering this 
test, and its interpretation. Briefly, these are: 

1. Was it possible to get uniform stress distribution 
with the specimen employed, particularly with a tem- 
perature gradient present? 

2. Was the stress measured prior to impact signifi- 
cant and how was it related to the stress at the time 
the crack was arrested? 

3. Were the results affected by the use of impact to 
start the crack? 

4. Were the results affected by the size or geometry 
of the specimens employed? 

5. Was the tip of the thumbnail the significant point 
from which to measure temperature? 


Modified Robertson Test 


The modified Robertson test which was run in the 
SOD laboratory employed a specimen as shown in 
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Fig. 2 Temperature gradient specimen 


Fig. 2. A stress concentrator of the same design as 
Robertson’s was used. 
nections used by Robertson, a longer specimen was 


In place of the plastic end con- 


substituted since it was felt that the transient stress 
from the impact would not be reflected back to disturb 
the stress distribution until the crack was well under 
way. It was decided to use strain gages instead of the 
extensometers used by Robertson for measuring strain. 
In view of the temperature gradient, it was necessary 
to do considerable experimental work on temperature 
compensation on strain gage readings. The stress 
gradient across the plate is shown on Fig. 3. It ean 
be seen that the tensile stress in the direction of loading 
dropped off considerably near the notch due to the re- 
inforcing effect of the stress concentrator nub. Also, 
it can be seen that a compressive stress in the transverse 
direction existed in the vicinity of the notch. 
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Fig. 3 Stress and temperature gradient 
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Five specimens were tested using this type test. All 
were made from a single ASTM A-285 rimmed steel 
plate from Lukens. It was found that the brittle 
crack started by impact would not propagate farther 
at an average stress of 15,000 psi than it would at no 
stress. At 20,000 psi average stress, the brittle crack 
traveled completely across most of the specimens due 
to the fact that the need for as high a temperature as 
was required to arrest the crack was not anticipated. 
The crack was finally stopped by increasing the tem- 
perature on the far side of the plate to approximately 
140° F. With an average stress of 20,000 psi, the crack 
propagated across the plate and stopped at a point 
where the temperature was at 120° F. At this stage of 
the program, an evaluation of the modified Robertson 
tests was made and it was concluded that: 

1. Poor stress distribution existed, with the axial 
tension low near the notch. An appreciable transverse 
compressive stress was also present. Both of these ap- 
peared to retard the start of a brittle crack and hinder 
propagation in the early stages. 

2. There was an indication of a shifting stress pat- 

tern and it was thought that the difficulty encountered 
in stopping the crack might be related to this stress 
realignment. 
3. The combined effects of items 1 and 2 raised a 
serious question as to the significance of any relation- 
ship between average stress prior to impact and the 
temperature where the crack stopped. 

4. There was, however, a definite indication of a 
minimum stress below which brittle fractures would not 
propagate. 


Stress Gradient Test 


In view of the difficulties encountered in the modi- 
fied Robertson work, it was decided to see if a crack 
could be stopped by having it run from a zone of higher 
stress into one of Jower stress at constant temperature. 
It was reasoned that such a test might indicate the 
extent to which stresses shift as a crack propagates. 
For this test, an entirely new type of specimen was em- 
ployed as shown in Fig. 4. This specimen was loaded 
eecentrically and contained a notch on one side. The 
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notch was a brittle crack previously introduced into the 
plate at dry ice temperatures. The proportions of the 
specimen were such that the stress gradient existed 
across the plate. When this specimen was loaded in 
the machine to the point where the nominal tensile 
stress at the notch was approximately 20,000 psi, a 
compressive stress of 2000 psi existed on the opposite 
side. The temperature of the specimen was reduced to 
0° F by circulating a coo) nitrogen stream inside an 
insulating box. With the specimen at the desired 
stress and temperature, a hardened stee] wedge was 
driven into the notch using an impact device. With 
a tensile stress on the leading edge of 15,000 psi, no 
break occurred; however, with the stress increased to 
20,000 psi, complete failure occurred. The fact that 
complete failure occurred means that the crack either 
progressed through a compression zone, which seems 
highly unlikely, or that the stress pattern shifted so 
that tension was always present. With crack velocity 
being in the order of one-third the velocity of elastic 
strain waves in steel, such a shift in stress pattern might 
have been expected. This experiment, however, in- 
dicated that a shift definitely did occur and that it 
would be extremely difficult to predict the stress existing 
at the time a crack was arrested with the Robertson 
type test or any other test involving a running crack. 

With this background, it was decided that a test of 
the “go, no-go”’ type at uniform stress and temperature 
was the most desirable from the standpoint of interpret- 
ing the results, and steps were taken to develop such a 
test. 


SOD Test 


The test which was used in our studies employs a 
specimen of the type shown in Fig. 5. This specimen 
contains a notch composed of a brittle crack on one edge 
and a saw cut of equal depth directly opposite. The 
brittle crack is introduced at liquid nitrogen tempera- 
tures. The exact technique used in preparing the speci- 
men is as follows. 
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Fig. 5 Typical test setup 
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Steel which is to be tested is fabricated into a speci- 
men which consists of a slab of the material with the 
necessary end connections for use in an ordinary tensile 
testing machine. A typical test piece is shown on 
Fig. 6, together with the method which is employed in 
preparing the specimen. A saw cut followed by a sub- 
sequent wire cut using a fine wire and grinding com- 
pound is made at the middle of the plate on one side. 
The specimen is then loaded as a simple beam to create 
a tensile stress in the outer fiber at the cut. The area 
in the vicinity of the cut is then cooled by means of 
liquid nitrogen. When the area is at about the tem- 
perature of liquid nitrogen, a wedge is driven into the 
saw cut by impact from a small slug shot at high veloc- 
ity from a too] commercially available. This induces a 
fine crack at the base of the cut which is believed to be 
as severe a stress concentrator as any encountered from 
welding defects or other causes. A saw cut of the same 
depth as the cack is made on the opposite side of the 
specimen to improve stress distribution. 

The test specimen is placed in a tensile testing ma- 
chine and loaded axially through pin connections, as 
shown in Fig. 5. An insulated box is placed around the 
central portion of the plate and a cooling system placed 
in operation. Low temperatures are obtained by the 
use of dry nitrogen which is cooled in coils immersed 
in liquid nitrogen and is injected into the box in con- 
trolled quantities on both sides of the plate. The ar- 
rangement of equipment used in the laboratory is 
shown in Fig. 7. 

Thermocouple readings taken during the test period 
permit accurate control of plate temperature. When 
the desired temperature is reached, a predetermined 
tensile load is applied to the specimen. At this point, 
an impact device is used to drive a hardened steel wedge 
into the previously prepared notch. The wedge is 
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Figure 7 


driven by the impact from a small slug shot at high ve- 
locity from the tool. 

As complete brittle failure occurs, the material] is 
considered to be subject to brittle fracture at the pre- 
vailing conditions. If failure does not occur, the ten- 
sile load is increased and the plate is subjected to im- 
pact at succeedingly higher stress levels until brittle 
fracture occurs. If the temperature is below a certain 
critical value, identical results are obtained regardless 
of whether the specimen is subjected to a number of 
impacts at progressively higher stresses until the brittle 
strength is reached or whether this f.nal stress is ap- 
plied at the first impact. At higher temperatures, this 
situation does not exist and it is necessary to determine 
through the use of additional specimens from the same 
plate the lowest stress at which the material will fail on 
first application of impact. 


IV. STUDY OF TEST VARIABLES 
Using the SOD test, approximately 120 specimens 
have been tested to date. The major portion of these 
have been from a single Lukens rimmed steel plate of 
ASTM A-285 specification. The properties of this 
plate, henceforth called Plate A, are shown in Table 1. 

The principal purpose of this phase of the program 
was to determine what test conditions should be em- 
ployed to simulate conditions existing at the time of 
tank failure. Accordingly, the effect of each test vari- 
able on the brittle breaking stress was studied individ- 
ually by holding al) others constant. The following 
variables were studied in this manner: 
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SPECIFICATION: ASTM A-265 GRADE C (RIMMED STEEL). 
SOURCE 


LUKENS 


CHEMICAL ANALYSIS PHYSICAL PROPERTIES 


CARBON 25 YIELO STRENGTH 58,300 PS! 
MANGANESE 49 ULTIMATE STRENGTH 59,500 PSI 
SILICON 

PHOSPHOROUS 


SULFUR 


IMPACT DATA 


CHARPY U NOTCH CHARPY V NOTCH 


-20 0 20 40 60 60 -20 Oo 20 490 60 860 
TEMPERATURE °F TEMPERATURE °F 


Table 1—Properties of Test Plate A 


1. Temperature 

2. Notch sharpness and length 
3. Impact 

4. Geometry and size 

5. Material 


It will be noted that plate thickness is not mentioned. 
Thus far, no work has been done on this variable. This 
work is, however, scheduled in the near future. 

In general, it can be said that the results with the 
SOD test are quite reproducible. Deviations are 
usually less than 1000 psi where the brittle breaking 
stress is 10,000 to 15,000 psi. Using the “go, no-go” 
testing technique, it is almost always possible to narrow 
the range between failure and no failure to 1000 psi 
by testing two or possibly three specimens at a given 
condition. 


Temperature vs. Stress 


When all other test conditions are maintained con- 
stant, the relation between brittle breaking stress and 
temperature is shown in Fig. 8. The standardized 
conditions for all these tests are noted on the curve. 


0, 


TEMPERATURE, °F 


Fig. 8 Stress vs. temperature(ASTM A-285GR.-C. Speci- 
mens: 6 ft by 10 in. by lin. Large gun, heavy charge) 
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Below 0° F, the brittle breaking stress is shown to be 


essentially constant. Above this temperature, the , 


breaking stress increases markedly. This temperature 
is called the SOD transition temperature and it has 
been found to exist for all steels tested. It varies 
for different steels as will be discussed later. The ex- 
act shape of the curve between 0 and +40° F, while 
not definitely established by the data shown on Fig. 
8, is known from the mass of additional) data where 
some noncritical variables have been changed. 


Notch Sharpness and Length 


The effect of notch sharpness was studied over a con- 
siderable range and it was found that the brittle break- 
ing stress is reduced as the notch is made sharper and 
sharper. The following tabulation presents the results 
of this work: 


Radius Brittle breaking 

Type notch* at root, in. stress, t psi 
Saw cut 0.020 26 ,000--30 ,000 
Wire cut 0.003 21,000--26 ,000 
Dry ice crack Unknown 16,000—-17 ,000 
Liquid nitrogen crack Unknown 14,000-15,000 


* All notches were essentially the same length, although this 
has been shown to have no effect. 

t Tests were conducted on steel from Plate A at 0° F using 
specimens 6 ft long by 10 in. wide by 1 in. thick, and medium im- 
pact from the small gun. 


The effect of notch length was also investigated. 
Liquid nitrogen cracks varying from */,; to 2 in. in 
length were tested in pieces varying in width from 6 
to 16 in., and no effect due to crack length was observed 
at any temperature. A few longer cracks were also 
tested and with these the breaking stresses was found 
to be higher. This is believed to be due to the fact 
that the wedge was not as effective with the longer 
crack. It would appear, therefore, that the crack 
length effect indicated by the Griffith theory does not 
apply to this test. 


Impact 


Considerable work was carried out to determine the 
effect of varying the impact energy used to start the 
brittle fracture. Figure 9 shows the brittle breaking 
stress as a function of impact energy with all other 
variables held constant. In obtaining data for this 
curve, two types of impact guns were used, each having 
a range of muzzle velocities. The slug shot from the 
smal] gun weighed 8.75 g and the slug from the large 
gun weighed 49.75 g. The velocities were determined 
through tests conducted at the Remington-Arms Lab- 
oratory. The energy in each case was calculated from 
the above data. 

As the energy of the slug striking the wedge increases, 
the breaking stress decreases. This stress reaches a 
minimum of 10,000 to 11,000 psi for Plate A, at approxi- 
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Fig. 9 Impact effect (ASTM A-285-C; 60-in. long, 10-in. 


wide, l-in. thick specimens for temperatures below transi- 


tion temperatures of the material) 


mately 2500 ft-lb energy. Further increases in energy 
do not lower this stress. 

The following is offered as one possible explanation 
for this behavior. The assumption is made that the 
running brittle crack is started by the combined effect 
of tensile stress due to load on the specimen and tran- 
sient stress due to impact. At the lower impact levels, 
the transient stress available to initiate a running crack 
is insufficient and therefore additional stress in the 
form of stress due to load on the specimen is needed. 
Once the crack is started, there is enough energy in 
the stress field to sustain its continuation. As more 
and more impact is provided, however, less and less 
additional stress is needed from the specimen stress 
field to start the crack. Eventuaily a situation is 
reached in which no stress is required from the specimen 
stress field for crack initiation. In this case, the only 
stress needed in the test specimen is that required to 
propagate the crack. If the stress level in the specimen 
is lower than this minimum value, then the crack will 
not propagate. 

Perhaps the feature of the SOD test which is most 
difficult for the average person to accept is the use of 
impact to start a brittle fracture. The question, “Where 
does impact come from in a tank failure?” has been 
raised by most of those to whom the test has been 
shown. It is believed that impact causes the wedge to 
spread the original brittle crack and this results in a 
very slight extension of the crack which usually is not 
measurable. At higher temperatures, when the stress 
is just below the failure stress, fairly large drops in load 
of the tensile testing machine have been noted, indicat- 
ing appreciable extension of the notch. Therefore, it 
is believed that impact in itself is not important. It 
is merely a means of obtaining a moving crack in a 
specimen where a general stress level exists. As men- 
tioned earlier, the lengths of specimens tested have 
been purposely kept long so that secondary effects from 
the transient stress due to impact will not affect the 
results. 

An interesting experiment was conducted to attempt 
to demonstrate how impact might set off a tank failure. 
In this test a conventional specimen was prepared with 
the liquid nitrogen crack about 27/s in. long. This 
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Fig. 10 Special test specimen 


erack was then ‘“‘buttered over’’ with a thin weld de- 
posit on both sides of the plate. 
section is shown in Fig. 10. 


The resulting cross 
This specimen was cooled 
to —40° F and then gradually the load was increased 
until the brittle fracture occurred. The average stress 
at failure was 27,400 psi. This is 8000 psi below the 


yield point for this material at the temperature of the 
test. It is believed that if the amount of the weld de- 
posit were less or the deposit less ductile, failure could 
occur at a lower stress, perhaps even approaching the 
stress found in the SOD test. 


Geometry and Size 


The effect of specimen geometry and size has been 
studied quite extensively below the SOD transition 
temperature and it has been found that variations in 
width, length, shape and size have no effect on the 
brittle breaking stress. Some work has been done at 
higher temperatures and still more is required to fully 
explain variations found. 
ledge is outlined as follows. 

Width Effect. Specimens from Plate A of varying 
width have been tested at 0° F, the SOD transition 
temperature, and +40° F which is above this transi- 
tion. The results are shown in Fig. 11. This work was 
carried out using the smal] impact gun with a medium 


The present extent of knowl- 
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charge and, under these conditions, it was found that 
at 0° F the brittle breaking stress was constant at 14,- 
000-15,000 psi. At 40° F we found that an increase 
in width resulted in an increase in breaking stress. 
This effect has been checked for different length speci- 
mens and it has been found that a family of curves of 
varying slopes exist, two of which are also shown in 
Fig. 11. These curves all appear to converge at an 
imaginary point of 15,000 psi at 0 length. 

No obvious explanation exists for this behavior, but 
it may well be due to the resistance offered by the speci- 
men to the wedging action which was employed in 
starting the crack. Fortunately, this effect is not ex- 
treme. 

Length Effect. Specimens of varying length were also 
tested under similar conditions and the results are 
shown on Fig. 11. As mentioned previously, no effect 
was found where the temperature was 0° F, which is 
the SOD transition temperature, for Plate A. At 
+40° F, the length affected the brittle breaking stress, 
being lower for longer specimens. It will be noted that 
as the specimen length increased the reduction in stress 
became progressively less and approached a constant 
value. Data on Jength effect, using specimens of two 
different widths (6 and 10 in.) and testing at +40° F 
are also shown in Fig. 12. As might be expected from 
data in Fig. 11, the wider plates had higher breaking 
It has been found, however, that if the 
length of the wider plate is increased sufficiently, this 
difference disappears. 
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Fig. 12 Length effect (Plate A. ASTM-A-285. Small gun, 
med. chrg. Liquid N: crack) 


Size Effect and Shape Effect. Using the data accu- 
mulated for the studies of width and length effects, it is 
possible to reach certain conclusions regarding size and 
shape effects. 

It is apparent that at or below the SOD transition 
temperature no size or shape effect exists since changes 
in both width and length have no effect. 

Above the SOD transition temperature, in the tests 
conducted on Plate A at +40° F, no appreciable effect 
of size was noted on two geometrically similar speci- 
mens. 

It is planned to broaden the range of this work in the 
future with larger-scale tests at one of the universities. 
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Fig. 13 Shape effect (ASTM A-285-GR.-C.  1-in. thick 
specimens. Small gun, med. chrg.) 


On the basis that geometrically similar pieces of dif- 
ferent size will give the same results, all the test data 
have been plotted on a single curve for shape effect. 
This is shown in Fig. 13. Here the brittle breaking 
stress vs. the length-to-width ratio (L/W) has been 
plotted. For tests at the SOD transition temperature 
(0° F), the stress is, of course, constant. At a higher 
temperature (+40° F), the brittle breaking stress falls 
off as the L/W ratio is increased and approaches a 
limiting stress asymptotically. This relationship pro- 
vides a simple means of making adjustments to data 
obtained on one size specimen for comparison with 
another. It also indicates that it is desirable to use a 
specimen of L/W ratio of about 10 to insure that results 
close to the minimum brittle breaking stress are ob- 
tained when tests are run above the SOD transition 
temperature. 


Miscellaneous Variables 


Although all of the principal test variables have been 
covered, there are a few miscellaneous items which 
should be mentioned. 

Stress distribution in the SOD test specimen has 
been investigated using strain gages and found to be 
fairly good. Stresses in the immediate vicinity of the 
notch and saw cut are undoubtedly high. However, 
they drop down to within 20° of the average stress a 
short distance away where the strain gages were located. 
Earlier it was mentioned that a saw cut equal in length 
to the crack is made on the opposite edge of the plate 
to insure good stress distribution. Actually, a few 
early tests were run without this saw cut and the re- 
sults are identical with later tests employing the cut. 

Mention was also made of the effect of repetitive 
impacts earlier in the paper. More details on this situ- 
ation are outlined below: 

1. Below the SOD Transition Temperature: Repeti- 
tive impacting has little effect. Tests have been made 
at four or five increasing stress levels and the results 
were identical with first or second impact tests. At 


stress levels just below the brittle breaking stress, say 
within 1000 psi, repetitive testing will result in failure. 
Some tests indicate an increase in brittle breaking stress 
when the number of impacts is excessive, say 5 to 10. 
This makes it desirable to make a rough survey for 
brittle breaking stress first and close in on the range in 
later tests. 

2. Above the SOD Transition Temperature: If no 
failure occurs on the first impact when the temperature 
is above the SOD critical point, continued testing is 
usually of little significance. It appears that the first 
impact results in dulling of the notch through deforma- 
tion at the root of the crack and the final breaking 
stress is usually considerably higher than would be 
found on first impact. This means that additional 
tests must be run to see what is the lowest stress at 
which failure occurs on the first impact. 

Another interesting effect noted during the laboratory 
work was the wedge width. When a wedge narrower 
than the plate thickness was used, the brittle breaking 
stress was higher than when the wedge was equal to or 
greater than the thickness. 


Vv. COMPARISON OF TEST RESULTS WITH 
FAILURES 


The next important step in the laboratory program 
involved testing of steel from the English tanks which 
failed. The purpose of this work was to determine 
whether the SOD test would indicate the steel to be 
subject to brittle fracture at the conditions existing 
when the tanks ruptured. 

Both of these tanks were built of steel purchased to 
British Specification BS 13. The failure in the first 
tank started at the junction of the first and second 
courses in a flaw at the root of the replacement weld 
made to fill up a weld probe. The failure in the second 
tank started in a poorly repaired crack at the tee junc- 
tion between the vertical weld in the first course and 
the horizontal weld between the first and second 
courses. The failure started, however, in the second- 
course plate where the crack extended up into this plate. 

The properties of the steel in the first two courses of 
both tanks are shown in Table 2. All plates fell within 
the rather broad specifications of BS 13 which is the 
British equivalent of ASTM A-7. Charpy V and U val- 
ues for all plates are also plotted on this sheet. 

At the time of both failures, the temperature was 
about +40° F. Both tanks were being water-tested 
when failure occurred and the calculated stresses at the 
time are shown below. 


Calculated 
Tank failure stress, psi 
First 
Ist course (top) 14,000 
2nd course (bottom) 15,800 
Second 
Ist. course (top) 12,500 
2nd course (bottom) 14,200 
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Table 2—Properties of Fawley Tank Steel (Specification: BS-13, Semikilled. 


This can be seen from Fig. 12, where 
length effect is illustrated above the 
SOD transition temperature. Un- 
fortunately, the testing machine in 
the SOD Jaboratory cannot take 


TANK TANK [-2! 
larger specimens; however, it is 

FIRST COURSE SECOND COURSE | FIRST COURSE SECOND COURSE 7 2 
planned to test a larger specimen in 

MANGANESE, one o the ‘unive rsities. urther 
one = point in this regard must also be 
brought out, and that is that the lab- 
oratory tests were conducted on speci- 
mens having a length-width ratio of 
TANK C-1! TANK 1-21 6.0 while the tank proper has a ratio 

RSE FIRST COURSE SECOND COURSE 
— anactci of 10.0. If a correction for this size 

— 49.100 46.100 — effect is made, which has been deter- 
265 4 . ‘ 

REDUCTION. OF AREA 360. 37 mined by experiments to be 2000 to 


3000 psi, the comparison of labora- 
tory results and actual] field experi- 
ence for both tanks is then in even 
closer agreement. It must be pointed 
out, however, that any minor change 
in the notch-brittleness properties of 
a section of the steel, which would 
result in a slight shift of the curves, 
would also affect the correlation be- 


TANK TANK 
*T.Les FIRST COURSE SECOND COURSE FIRST COURSE SECOND COURSE 

40 4 
30 
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10 
° 7 
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tween laboratory and field results. 

It is felt that satisfactory corre- 
spondence between the SOD test re- 
sults and calculated stress conditions 
when the actual tank failures occurred 
has been obtained. These results in- 
dicate that the SOD test closely simu- 
lates conditions at time of failure and 
therefore provides a reliable means of 
evaluating steels with respect to their 
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The SOD tests were made on plates from both the 
first and second courses of the first tank which failed, 
but only from the second course of the second tank. 
All specimens were 6 ft long by 10 in. wide. The large 
impacting gun was used and tests were made at varying 
temperatures from —150° F to +40° F. The results 
of these tests are shown on Fig. 14. 

The data indicate that at +40° F the brittle breaking 
stress of the second course of the first tank to fail was 
14,000-16,000 psi. The second-course plate for the 
other tank has an indicated brittle stress of 18,000- 
These stresses compare fairly well with 


20,000. psi. 
the calculated stresses as shown below: 


Calculated 

Stress, pst SOD tests 
First tank failure, 2nd course 15,800 14,000-16 ,000 
Second tank failure, 2nd course 14,200 18 ,000--20 ,000 


It is believed that the test results would show lower 
stresses for both plates if longer specimens were tested. 
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susceptibility to brittle fracture. 
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Fig. 14 Stress vs. temperature (Fawley Tank Steel. 
Specimens 6 ft by 10 in. by 1 in. Large gun. Second 
course plate) 


VI. EVALUATION OF STEELS 
The following different steels have been tested during 
the SOD tests: 


ASTM A-285 l 
ASTM A-7 
BS 13 3 (tanks that failed) 
ABS Class C 1 
6 
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Table 3—Properties of All Steels Tested 


A 
Lukens 
(rimmed) 


AST M-A-285 
GRC 


B 
Inland steel 


Steel plate 


Source 


Specification ABS Class C 

Chemical properties: 
Carbon 
Manganese 
Phosphorus 
Sulfur 
Silicon 

Physical properties: 
Yield strength 
Ultimate strength 
Elongation, % 
Reduction of area 

Impact data: 


U-Notch 


0.25 
0.49 
0.016 
0.040 


38,300 
59,500 


+ 


Ft-lb 
30, 29, 28 
24, 24, 20 
23, 20, 13 

8, 6, 6 


Ft-lb 
38, 34, 30 
32, 29, 29 
6, 22, 23 
16, 2, 2 
2, 3, 2 
60, 59, 47 
28, 20, 24 
9, 12 18, 18, 18 
A 15, 14, 14 

3, 7,10, 7 
, 6 4, 6, 7 


Temp. 
62 


Temp. 
76 
58 

30 

20 

23, 

13, 

9, 


23, 21 
10 


7 
4 
3 


Cc 
First Course, 
Fawley tank 


Ft-lb 
32, 29, 28 
24, 23, 25 

4,17, 23 
4, 


32, 19, 17 
15, 12, 13 


6, 
6, 
4, 


D 
Second Course, 
Fawley Tank 
C-11 
BS-13 


E 
Second Course, 
Fawley Tank 
I-21 
BS-13 


F 
Bethlehem Steel 


ASTM A-7 


0.21 
0.56 
0.024 
0.041 
0.02 


33,400 

65,800 

26.5 

56 

Ft-lb Ft-lb 
34, 34, 36 
10, 28, 30 
7, 12, 30 
3, 5, 5 
3, 4 

31, 31, 38 
8, 10, 10 
4, 6, 8 
4, 4, 5 
2, 4 


Temp. Ft-lb 
80 26, 28, 29 
40 15, 22, 23 
30.6, «6, 25 
20 


Temp. Temp. 


72 


6, 26 
8, 9 


6, 7 


6, 4 


The properties of these steels are summarized in 
Table 3, where Chemical Analysis, Physical Properties 
and Impact Properties of all are tabulated. 


SOD Test Results 


The comparative properties of all six are shown in 
Fig. 15 where results from the SOD tests are plotted. 
Several interesting observations can be made on the 
basis of these data. 

1. Wide variations exist in the brittle breaking stress 
below the SOD transition temperature. 

2. Wide variations exist in the SOD transition tem- 
peratures for these steels. 


40,000- 


Ay. FAWLEY STEEL 


3. The susceptibility of any steel to brittle fracture 
depends upon both factors mentioned above. 

4. One steel appears to have two transition tempera- 
tures, while another appears to have a gradually falling 
brittle breaking stress at lower temperatures. 

5. No conclusions on relative merits of different 
types of steel can be reached on the basis of these few 
tests. 


Correlation of SOD Results with Properties of 
Steels 


It is fairly obvious that it would be impractical to 
test every plate used in oil tanks or any other major 
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3 
C-11 
BS-13 
0.165 0.22 0.20 
0.54 0.54 0.47 
0.024 0.031 0.008 
0.036 0.03 0.033 
4 0.015 0.05 0.04 
31,400 
59, 600 
31 
60.4 
| 
‘4 32 
20 
0 
| 
V-Notch 88 
52 
40 
30 30 F 
20 20 
2 10 0 4, 4 0 3, 4 
0 
30,000 
° 
-100 ° +50 
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Table 4—Correlation of SOD Transition Temperature with 
Charpy V-Notch 


5-6 ft-lb SOD brittle 
Material Charpy value,°F fracture test, ° F 
A—ASTM A-285 0-+10 0-+20 
B—ABS Class C — 20-0 -20 
Fawley Steel: 
C—lIst Course C-11 0-+20 10 
D—2nd Course C-11 0-+20 10 
E—2nd Course I-21 +20-+40 30 
F-ASTM A-7 — 20-0 —30— —20 


structures by the SOD test to determine whether it 
would be safe from brittle fracture at proposed operating 
conditions. Throughout the investigation, therefore, an 
attempt has been made to correlate SOD test results 
with common physical properties as determined by 
simple conventional tests. After reviewing results from 
the steels tested, a fairly good correlation between the 
SOD transition temperature and Charpy V-notch im- 
pact results was found. This correlation is shown in 
Table 4. A Charpy V-notch value of 5-6 ft-lb corre- 
sponds to the point where the slope of the energy vs. 
temperature curve starts to increase markedly from the 
very low energy values. From the tabulation it can 
be seen that the temperatures are in fairly close 
agreement considering the spread in data possible 
from Charpy tests. 

Much greater difficulty was experienced in finding 
some property which correlated with the brittle break- 
ing stress plateau below the SOD transition tempera- 
ture. Yield and ultimate strength seem to bear no re- 
lation, and impact energy values from Charpy tests 
do not seem related in any simple manner. 

Very recently, an effort was made to relate the modu- 
lus of rupture in bending at liquid nitrogen temperature 
to the brittle breaking stress from the SOD test and the 
preliminary results of this work are shown in Table 5. 
This correlation shows promise but it is still too early to 
be certain that it is valid. 


Table 5—Correlation of Brittle Breaking Stress Plateau 
with Modulus of Rupture in Bending (Liquid Nitrogen 


Temperature) 
SOD brittle 
fracture Modulus of 
stress plateau, rupture in 
Material pst bending, psi 
A—ASTM A-285 10,000-11,000 171,600; 179,500 


E— Fawley Steel, Second 
Course Tank I-21 
B—ABS Class C 


8,000— 9,000 
12,000—13 ,000 


160,000; 186 ,000 
222 ,000 


Vil. FUTURE WORK 
The present program planned by the Standard Oil 
Development Co. will include: (1) Further tests to 
compare ASTM A-7 with ABS Class C. (2) An inves- 
tigation of the brittle properties of thinner plates. 
(3) Additional work on size effect and impact effect, 
using a larger testing machine. (4) Further work on 
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correlations between SOD test results and physical 
properties. 
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Discussion by M. Gensamer 


It seems difficult to explain the results presented by 
Mr. Feely and his associates, just as it has been diffi- 
cult to explain the earlier results of large plate tests in 
which the crack was initiated simply by increasing the 
tensile load until a crack started, by any adaptation of 
the Griffith concept. Such treatments have been ad- 
vanced, first by Irwin,' then by Orowan? in a simple 
and elegant form based on Inglis’ solution of the elastic 
problem of an internal notch, and recently by Wells* 
for an external notch by using the Neuber solution for 
such notches. It seems that while the Griffith crite- 
rion, that the energy consumed in advancing the crack 
be less than that released from the store of elastic strain 
energy, must almost surely be a necessary condition, it 
cannot be the only one. 

In the Griffith-type calculations of Irwin and of 
Orowan, of the stress required to keep a crack moving, 
the stress varies as the square root of the reciprocal of 
the crack length. In these tests, as in the older ones, 
failure should occur then at any stress, however low, if 
a sufficiently long crack is provided. In these tests 
crack lengths were varied by a factor of more than four 
so that the stress should have varied by a factor of 
two; no such variation of stress with crack length was 
observed. In the older tests no complete failures were 
observed below the yield point, although the yield point 
was approached as a limiting value by very wide plates. 
In Wells’ formulation, based on Nebuer’s treatment of 
external notches, the stress should vary as the square 
root of the reciprocal of the net width of the plate. 
This solution predicts less variation with crack length 
but still too much, and again provides for no limiting, 
lower value of the necessary stress. 

Wells derived the formula o = V xES/4a for deep 
external notches and the formula ¢ = V3ES/2a for 
shallow external notches, where o is the stress, FE is 
Young’s modulus, S is the specific energy requirement 
per unit area of plate that is to be cracked and a is 
half the net width of the plate or the distance from the 
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root of the crack to the centerline. Applying these to 
the data under discussion, and choosing 16-in. wide 
plates as the more favorable case, with crack lengths 
of */, and 2 in. so that 2 a has values of 14.5 and 12 in., 
the ratio of the stresses necessary by Wells’ formulas 
should be 1.10. This is near the limit of error in any 
individual] test, but should have been observed had 
the stress varied with crack length in this manner. For 
narrower plates the stress variation by the Griffith- 
Wells treatment should have been greater. The ab- 
sence of any size effects in the data reported by Feely, 
et al., for all tests below their transition temperature is 
inconsistent with any of the Griffith-type treatments. 

Gensamer‘ treated the problem of the length of 
crack that would be developed in a plate of limited 
size, deriving the expression 
_ lb S*-So* 

q 

where x is the crack length that develops, l is the effec- 
tive plate length, b is the plate width, E is Young’s 
modulus, S is the applied stress, So is a limiting stress 
level below which the crack cannot develop, and q is 
the specific energy requirement (q in this formula is 
the same as S in Wells’ formula above, and the same as 
p in Orowan’s formula presented at the same conference, 


for the infinite plate, ¢ = V Ep/b). In this formula- 
tion, the concept is introdeced that some critical value 
of stress is required, below which the crack cannot 
propagate however much energy may be available. 
Gensamer took / to be six times b, on the basis that 
cracks travel at about one-third the speed of sound, so 
that elastic strain energy stored at points more remote 
than three times the plate width was not available in 
time to be used. Giving gq the same value as in a 
V-notch Charpy test at the 10 ft-lb level (1000 in-Ib 
per sq in.), he calculated with good agreement the slope 
of a plot of the square of the stress causing failure against 
the reciprocal of the plate width, at temperatures 
just below the fracture-appearance transition tempera- 
ture, for the wide plate tests conducted under the 
Ship Plate program. Such a plot extrapolates to the 
yield point for very wide plates. At such high tem- 
peratures fully developed plastic areas would be ex- 
pected at the notch root, and an average stress higher 
than the yield point would be required to raise the 
stress at the root of the notch to the value required 
for fracture, even though the notch be quite sharp. 
At lower temperatures, and with sharper notches 
such as real and running cracks, one would expect the 
critical stress to be less than the yield point, but not 
zero. There is some plastic action associated with the 
progression of a crack, even at temperatures below 
the transition temperatures reported by Feely, et ai. 
Any plastic deformation at the root of an advancing 
crack decreases its effectiveness, by relaxing the stress 
at the crack root. Neuber® developed the formula 


\" 
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where S is the stress at the crack root, p is the average 
stress on the net section, a is the distance from the 
crack root to the centerline and r is the radius of the 
cylindrical zone at the advancing crack edge, in which 
the stress is relaxed by plastic deformation. It is 
just as though a hole of radius r had been drilled at 
the end of the crack, for no load is being carried there 
because of plastic yielding. This makes the effective- 
ness of the crack very much less than would be the 
case if the action were wholly elastic. It means that 
some stress is required to keep the crack going, to 
produce the plastic action that seems to be a necessary 
prelude to fracture. Gensamer has observed, but not 
yet published, that some deformation (about 2° ) 
precedes fracture in well-polished tensile test specimens 
even at 25° K, just above the hydrogen boiling point. 

It is interesting to calculate what might be the radius 
of the stress relaxed zone from the data of Feely, et al. 
They observed that unnotched, polished bend speci- 
mens failed at 79° K (boiling point of nitrogen) at 
stresses of the order of 200,000 psi. Such a value might 
be expected for the yield stress at the temperatures and 
high rates of straining prevailing in the plastic zone at 
the edge of an advancing crack. Their observed stress 
to keep a crack running, after presenting the stressed 
plate with a running crack, was of the order of 10,000 
psi. This makes the stress concentration factor about 
20. Putting this equal to S/p in Neuber’s formula, 
a/r takes the value of 250. With a having a value of 
6.25 in., as in their relatively deep notched 16-in. plates 
r is seen to be of the order of 0.025 in.; with narrower 
plates it would be proportionately less. This is not 
an unreasonable value, keeping in mind the roughness 
of the fracture surface and how the crack progresses 
by the nucleation and growth of new fractures in ad- 
vance of the moving front, these joining up at different 
levels to produce the characteristic ‘“chevron”’ markings. 

It seems, though, considering the constancy of the 
fracture stress level in the work under discussion, both 
with changes in geometry and in temperature below 
their transition temperature, that Neuber’s formula 
is not really applicable to such wide plates, and that 
the stress concentration factor is in fact constant when 
we are dealing with deep cracks in wide plates. The 
data suggest that this stress concentration factor might 
be about 20, and that further increase in the plate width 
would not cause any change in this value. By testing 
narrower plates, until a size effect set in, one might 
evaluate the effective radius at the root of a crack. 

From a practical point of view, this limitation on the 
stress concentration factor is of very great interest, for 
it holds out the hope that we can design safely for even 
quite brittle materials, by keeping the average stress 
below a critical value. For something as brittle as 
glass, this critical stress would be quite low, for there 
is certainly little deformation at the advancing crack 
edge to limit the effectiveness of the crack as a stress 
raiser. But steel down to the temperatures used in 
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these tests does not seem to be glass brittle, and the 
stress concentration at the root of a running crack is 
limited. 
these tests to still lower temperatures to see if at some 


It would be extremely interesting to extend 


very low temperature higher stress concentrations and 
lower critica] stresses might be obtained. 
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European cities because the International Institute of 
Welding held its 1953 meeting in Copenhagen and will 
hold its 1954 meeting in Florence.) Whereas between 
Houston and Cleveland you fly over several states of a 
single country, the flight from Copenhagen to Florence 
is over four autonamous countries, not counting num- 
erous others on all sides. Your States are bound to- 
gether by a single language and common culture, but the 
individual countries in Europe each have their own 
history, language and culture. Furthermore, progress 
for each of them has been interrupted by wars which 
devastated much of our Continent. Because of these 
differences and interruptions, industrial development 
has usually followed widely divergent paths. Conse- 
quently, even for such a limited subject as ‘‘Welding 
Research in Universities,”’ it is impossible to speak of a 
single organization in each country, much less of a cen- 
tral unit such as you have in your Welding Research 
Council. 

In order to talk about development of research and 
to make comparisons between different countries, it is 
essential, first, to establish a basis for discussion. 

Generally, in making comparisons, we are accustomed 
to basing these on some numerical criteria—for example, 
the sums allocated to research as a percentage of busi- 
ness turnover or in relation to some production figure. 
These proportions are sometimes used to indicate the 
degree to which a specific industry supports research. 
Such criteria might serve you well, but we in Europe 
are confronted with differences in purchasing power 
and wage rates expressed in various currencies in vari- 
ous countries. 

In comparing laboratories, we find that first-class 
work with far-reaching results can be produced by an 
excellent staff on a very limited budget; and, conversely, 
a costly laboratory with the very latest of equipment is 
no assurance of effective results. Heavy capital in- 
vestment in elaborate plant and equipment without 
efficient staff, sometimes merely creates a spectacular 
exhibition somewhat like a museum. A true compari- 
son of research laboratories should be made on the same 
basis used in industry—that is, on the basis of output 
and value rather than on capital investment. 


Portevin 


FEBRUARY 1954 


Welding Research in the European Universities 


(Continued from page 98-s) 


Unfortunately, however, the output of research lab- 
oratories cannot be maeneel by weight of product nor 
is there a criterion for quality because most of the re- 
sults are directed toward the future and can only be 
evaluated at some later date. Of some help in deter- 
mining the value of research might be published scien- 
tific treaties, especially if obtained results can be traced 
to them. They could also be helpful in estimating a 
quality coefficient for research personnel as well as for 
evaluating a given laboratory’s output. 

For these reasons it is easy to see why one must be 
wary of opinions expressed and judgments passed on 
the development of research. Due to the complexity 
of the problem, they are hardly ever well founded. 

Lest you conclude from these preliminary remarks 
that there is no welding research worth mentioning in 
the European universities, I hasten to remind you that 
Mr. Jaeger, President of the International Institute of 
Welding, is Professor of Naval Construction at the 
University of Delft, Netherlands, and that a number of 
presidents and members of the International Institute 
of Welding technical committees are also university 
professors. I know that you correspond with many of 
these gentlemen and are familiar with their work. 

However, as is also the case in the United States, we 
have very few professors of welding as such. This is 
easily explained. Welding is not quite yet a sciencenor 
a specific industrial subject. It is rather a technique used 
in a large number of industries. Chairs for professors 
of welding are rare, and, as suggested above, the struc- 
ture and aims of universities vary from country to coun- 
try. For example, research at some universities is di- 
rected to the study of general questions without im- 
mediate relation to industry—that is, research prob- 
lems as determined by the professor himself as part of 
his own scientific activity rather than by industry. In 
such cases, specialized institutions of research are often 
set up and supported by particular industries. (Their 
work may parallel that of the university and be in col- 
laboration with it.) At other universities, professors re- 
late their work to problemsof a particular industry which 
pays for such research work. These are only two of 
many examples I could give. However, in taking an 
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over-all view, we find that, for the most part, research 
work is carried out on existing problems through uni- 
versity professors and scientists and through profes- 
sional research centers. 

A big advance to welding research was the creation 
of the International Institute of Welding a few years 
ago. At last a common meeting ground was estab- 
lished. National welding groups, long having real- 
ized the limitations of working alone, could pool their 
efforts on an international level. This sharing, how- 
ever, was at first somewhat restrained, but more and 
more frequently a willingness to exchange information 
on all phases of research and development has been evi- 
denced. This community of effort which each desired, 
also brought about a spontaneous reorganization within 
the individual countries—for example, the creation of 
specialized committees in which all interested parties 
cooperate, including universities. 

While it is indisputable that the International In- 
stitute of Welding has had a happy influence on the 
development of research in Europe, one must not 
conclude that it is only a European association. It is 
rather an entirely international body, and, as you know, 
the AmMerICAN WELDING Society and the Welding 
Research Council are among its most prominent mem- 
bers. 

Although it may appear that we in Europe are still 
working quite independently of you in the field of re- 
search despite the uniting efforts of the International 
Institute of Welding, it is not actually so. Admittedly, 
we continue to study problems which you have solved— 
thanks to the excellent organization which you bave 
long had and also the ability of your university people. 
However, long experience in research has taught me that 
no problem is ever definitely solved and that each 
problem has various solutions from which we all can 
benefit. I would like to illustrate this point. 

Like yourselves, we too have been interested in the 
weldability of carbon steels and their susceptibility to 
brittle fracture. Because of some unhappy experi- 
ences early in the study of this problem due to our dif- 
ferent methods of manufacture which produced varying 
qualities of steel, we became aware of the importance of 
notched-bar impact tests. We tended to establish re- 
quirements which were too severe with respect to re- 
quired performance, and, today, in many European 
countries we are trying to see to what extent these may 
be relaxed, at the same time staying within reasonable 
limits of safety. It would appear that with you the ten- 
dency is quite the reverse and that some of your exper- 
iences have led you to use the impact test to increase 
the stringency of your specifications without exceeding 
the safety limit. 

Another example is afforded in the use of what we 
call “basic electrodes” and which you call “low hydro- 


gen.”’ We were using these even before the war, and 


consequently never learned much about the mecha- 
nism of “under-bead cracking” (we learned the expres- 
sion from you). However, you were seriously con- 
fronted by this problem and had to study it, with the 
result that you analyzed the causes and then perfected 
the low-hydrogen electrodes to solve the problem. 

Finally, leaving this subject solved more or less satis- 
factorily, this does not mean that it should not be re- 
examined on the basis of common experience and in the 
light of new facts. I could mention others which could 
still be of interest. For instance, residual stresses and 
their influence on the service behavior of welded con- 
structions. I imagine on your as well as on our side, I 
would find defenders of numerous theories and contra- 
dictory ones at that! 

Actually, I do not think that the division of Europe 
into independent nations, each with its own conception 
of teaching and research, especially with regard to weld- 
ing, has been entirely disadvantageous. On the con- 
trary, our work in the International Institute of Weld- 
ing seems to have benefited from the diversity of intel- 
lectual training and, consequently, from different opin- 
ions on the method of attacking problems. We 
would not have had this advantage without these var- 
ious backgrounds. I feel certain that if a larger num- 
ber of your compatriots could participate in this work, 
they would find the spirit quite contagious and would 
greatly profit, carrying home useful results and helpful 
information to share with their co-workers in the United 
States. 

As mentioned at the beginning, I have tried to ex- 
plain to you why I cannot discuss in detail the subject 
of welding research in our universities. I still have, 
however, the agreeable duty to suggest the means by 
which you may form more specific ideas than those 
which I have just given. 

In May and June of last year you received a group of 
European technicians who came to see, in particular, 
how you organize your welding research. You showed 
them everything they wanted to see and explained much 
which surprised them. They returned extremely happy 
with all they had learned and also with much apprecia- 
tion for all the kindnesses you extended to them. All 
of them told you in leaving of their desire to see you in 
Europe some day. May I hope that this is not in vain 
and that many of you will be able to visit our laborator- 
ies and our installations in Europe? That would be, be- 
lieve me, the best method for welding the contacts al- 
ready established on the technical and_ particularly 
the human level. 

I know that this is talking of a project which many of 
our mutual friends are exploring. I would be person- 
ally extremely happy if it sueceeded, the more so be- 
cause that would be perhaps an opportunity for you to 
excuse me for the few minutes which I have just caused 
you to lose. 
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Everdur-we galvanized 


There already exists an impressive col- 
lection of evidence that for welding 
galvanized iron the most successful rod 
is Everdur*-1010, the well-known 
ANACONDA Copper-Silicon Alloy. And 
there’s additional convincing evidence 
in the more than a mile of Everdur 
welds in the 33 floors of galvanized 
iron air-conditioning ductwork installed 
in Dallas’ new Republic National Bank 
Building. 

Fabricated by the Farwell Co., Inc. 
of Dallas, the ducts are made of 18- 
gage galvanized iron and range from 


iron twin air risers supply 
cooling air for Dallas’ new Republic National Bank Building. 


\ 


heating- 


54 inches to 3 inches in diameter. Twin 
risers run from the 3rd to the 36th 
floor. In the words of E. J. Bouffard, 
job superintendent, “carbon-are weld- 
ing with Everdur is the fastest, best and 
cheapest method we have found. The 
welds can’t rust, and the heat doesn't 
disturb the galvanizing on the sheets.” 

We can tell you of many more cases 
where Everdur has successfully welded 
galvanized metals. We suggest you try 
it on your next job. For full informa- 
tion on ANACONDA Welding Rods, let 
us send you a copy of Publication 


These Everdur-weld fabricated ducts ranged from 54 in. to 3 in. 
in diameter. Like duct surface, Everdur welds can’t rust. 


Seams were first tack-welded, then welded around the per 
using ‘k-in. Everdur-1010 Rod and the carbon-arc method, on 
the 18-gage galvanized sheet metal ducts. The welding rod was 
supplied by Hill Equipment and Supply Company, Dallas, Texas. 


‘iew down one of the twin air risers, showing branches to each 
floor. Over a mile of Everdur welds were used in this system. 


lf it's galvanized—-weld it with EVERDUR-1010 Welding Rod 


iphery, 


B-13. ANaconpA Welding Rods are 
available from distributors throughout 
the United States and Canada. The 
American Brass Company, Waterbury 
20, Connecticut. In Canada: Anaconda 
American Brass Ltd., New Toronto, 
Ontario. *Reg. U.S. Pat. Off. 53167 


braze or weld with confidence— 


ANACONDA 


welding rods 


SPOT WELD 
without jigs 


back-up plates 


Now you can spot weld with complete 
maneuverability — and as fast as you can 
pull the trigger — with the new portable 
AIRCOSPOT ® Gun. 


With AIRCOSPOT, Air Reduction’s new inert- 
gas-shielded spot welding unit, you simply touch 
the water-cooled gun to one side of the work 
and pull the trigger. In about a second you 
have a spot weld. It will be a good one, too, 
because AIRCOSPOT’S inert gas shield com- 
pletely protects the hot metal from contamina- 
tion by the air. 

Write today for prices and folder that pro- 
vides detailed information. 


AIRCOSPOT welds all sheet steels — 
including stainless up to 3/32” —to bottom 
sections of varying thickness. 


AIRCOSPOT is fast. Once the controls are 
set, you can make thirty or more welds 
a minute. 


AIRCOSPOT is easy to use. Operators 
need no special training. The welding cycle 
is fully automatic. 


AIRCOSPOT is handy. Gun weighs four 
pounds, is nine inches long. All connections 
current, gas and water—are through a 
single control panel. 


AIRCOSPOT is rugged. No abuse-sensitive 
high frequency or electronic circuits, because 
Gun is of electromechanical design. 


at the frontiers of progress 
you'llfind = 


Air REDUCTION 


® 60 East 42nd Street 


New York 17, N. Y. 


OFFICES Air Reduction Sales Co. * Air Reduction Magnolia Co. * Air Reduction Pacific Co. 


AND DEALERS IN 
MOST PRINCIPAL CITIES 


Represented Internationally by Airco Company International 
Divisions of Air Reduction Company, Incorporated 
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